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Naval
FOREWORD

Protection

Support
Service

The Navy initiatedthe Navy Assessmentand Controlof Installation
Pollutants(NACIP)program in OPNAVNOTE6240 ser 45/733503of 11 Sep-
tember 1980 and Marine Corps Order 6280.1 of 30 January1981. The
purposeof the program is to systematicallyidentify,assess,and con-
trol contaminationof the environmentresultingfrom past hazardous
materialsmanagementoperations.

An InitialAssessmentStudy (IAS)was performedat the Naval Air Sta-
tion, Alameda, California,by a team of specialistsfrom Ecologyand
•Environment,Inc., (E & E). Further confirmationstudiesunder the
NACIP programwere recommendedat severalareas at the activity. Sec-
tions dealingwith significantfindings,conclusions,and recommenda-
tions are presentedin the earlier sectionsof the report. The later
technicalsectionsprovidemore in-depthdiscussionon important
aspectsof the study.

Questionsregardingthe NACIP programshould be referredto the
NACIP ProgramDirector,NEESA 112N, Port Hueneme,CA 93043, AUTOVON
360-3351,FTS 799-3351,or commercial (805) 982-3351.

Daniel L. Spiegelberg,LCDR , USN
EnvironmentalOfficer

Naval Energy and EnvironmentalSupportActivitx
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EXECUTIVESUMMARY

This report presentsthe resultsof an InitialAssessmentStudy (IAS)
conductedat the Naval Air Station(NAS) Alameda. The purposeof an
IAS is to identifyand assesssites posing a potentialthreat to human
health or the environmentdue to contaminationfrom past hazardous
materialsoperations.

Based on informationfrom historicalrecords,aerial photographs,
field inspections,and personnelinterviews,a total of 12 potentially
contaminatedsites were identifiedat NAS Alameda. Each of the sites
was evaluatedwith regard to contaminationcharacteristics,migration
pathways,and pollutantreceptors. No samplingor analysiswas per-
formed as part of this IAS.

The study concludesthat, while none of the sites poses an immediate
threat to human health or the environment,seven warrantfurther
investigationunder the Navy Assessmentand Controlof Installation
Pollutants(NACIP)programto assess potentiallong-termimpacts. A
confirmationstudy, involvingactual samplingand monitoringof the
seven sites, is recommendedto confirmor deny the existenceof the
suspectedcontaminationand to quantifythe extent of any problems
which might exist. The seven sites recommendedfor confirmationare
listed below in order of priority:

Site 1: West Beach Landfill;used as a generaldisposalarea
from 1956 to 1960S/1970s.

Site 2: 1943-1956DisposalArea; used as a generaldisposal area
from 1943 to 1956.

_ Site 3: SeaplaneLagoon;receiveddischargesof waste and waste-
water for 30 years ending in 1972.

Site 4: Area 97; past leaks from abandonedfuel storagetanks.

Site 5: Buildings301 and 389; PCBs were leaked and sprayedonto
the ground.

Site 6: Cans C-2 Area; chemicalshave leaked onto the ground;
PCBs were used as weed killer.

Site 7: Building360; spills from industrialprocesseshave
leakedthroughthe floor onto the ground.

No potablegroundwatersuppliesare threatened. The largestcolony in
northern Californiaof the Californialeast tern (Sternaalbifrons
browni), a state and federallydesignatedendangere--_s"_ecies,is
_d at NAS Alameda. San FranciscoBay supportsrecreationaland
limitedcommercialfishing. Crab Cove, a state-protectedmarine
reserve, is locatedto the southeast. No adverseimpactsto the
endangeredspecies,San FranciscoBay, or Crab Cove have been reported
or noted.

The resultsof the confirmationstudy will be used to evaluate the
necessityof conductingmitigatingactionsor cleanupoperations.
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CHAPTERi. INTRODUCTION

I.i SCOPE.

1.1.1 Authority,.As directedby the Chief of Naval Operations(CNO),
the Naval Energy and EnvironmentalSupportActivity (NEESA),in con-
junctionwith the OrdnanceEnvironmentalSupportOffice (OESO),con-
ducts studiesand evaluatesevidenceindicatingthe existenceof pol-
lutantsfrom on-stationsites which may have contaminatedan area or
which may pose a health hazardto people locatedon or off the naval
installationunder investigation. The Navy Assessmentand Controlof
InstallationPollutants(NACIP)programwas initiatedby OPNAVNOTE
6240 ser 45/733503of 11 September1980 and Marine Corps Order 6280.1
of 30 January1981.

1.1.2 NACIP Program. The InitialAssessmentStudy (IAS) is the first
phase of the NACIP program,the objectiveof which isto identify,
assess, and controlenvironmentalcontaminationfrom past hazardous
materials storage,transfer,processing,and disposaloperations.

1.2 SEQUENCEOF EVENTS.

1.2.1 Designation. Naval Air Station (NAS) Alameda and Naval Air
Rework FaciTity (NARF)Alameda (see Figure i-i) were designatedfor an
IAS by CNO letter ser 451/397464of 3 August 1981.

1.2.2 Contract. Ecologyand Environment,Inc., (E & E) was awarded
Navy ContractN62474-82-C-8272for "InitialAssessmentStudiesat NAS
Alameda,NSY Mare Island,and NWS Concord,"effective24 March 1982.

1.2.3 Correspondence. The CommandingOfficerof Western Di_vision, :
Naval FacilitiesEngineeringCommand,was notifiedof the impending
study by NEESA by letter ser 587 dated 2 April 1982. The Commanding
Officer,NAS Alameda,was notifiedof the impendingstudy by NEESA by
letter ser 626 dated g April 1982.

1.2.4 InitialSite Visit. An initialvisit was made to NAS Alameda
on 22 April 1982 by E & E team members and Mr. Jeff Heath, NEESA
Engineer-in-Chargeof Contract,and Mr. John Accardi, NEESA Study
Managerfor NAS Alameda. On 23 April 1982, Mr. John Accardiconducted

• the command briefingfor NAS Alamedapersonnel.

1.2.5 RecordsSearch. Variousgovernmentagencieswere contactedfor
documentspertinentto the IAS. Table 1-I is a representativelisting
of the agenciescontacted.

1.2.6 On-SiteSurvey. The on-sitephase of the IAS was conducted
from 7 through11 June 1982, and from 28 through30 June 1982. In
additionto record reviews,IAS team members conductedinterviewswith
long-termand former NAS Alamedaemployees. Ground and aerialtours
of the installationwere also made. Informationpresentedin this
report is not specificallyreferencedwith a citation. Some informa-
tion was receivedthroughinterviewswith knowledgeableindividuals.
Informationreceivedwas generallyverified by one or more additional

1-I
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Table 1-1

. REPRESENTATIVELISTING OF GDVERNHENTAGENCIESCONTACTED

• _EESA

• NAWACCommandHistorian, NIv81 Construction Battnlion Center, PoEt Hueneme,
CaJifornia

• NBvL] See System Command, _exandria, Virginia

• Nevll Facilities Engineering Command, Western Division, Sen Bruno, Cali-
fornia: PlannirR Branch, Geotechnicsl Branch, Maintenance Division, Faci!i-
ties Pllnning Department, Ree! Estate Brlnch, NmturILlResources Han_cjement
Branch, Civil Branch, end Acquisition Departnmnt

• _rdnance Environmental Support Office, Naval Ordnance Station, Indian Head,
Maryland

• Naval Surface Weapons Center, DeKlgren, Virginia

• NationmL1Cartographic Infonmstion Center, United States Geological Su_ey,
Reston, Virginia

m Defense Happing Agency, Washington, D.C.

• Department of Defense Explosive Safety Board, _exandria, Virginia

• _ivy Historical Center, Operations Archives, Navy Yard, Nuhtngton, D.C.

• #arielPhotographyField Office,Departmentof kjriculture,Salt Lake City,
Utah

• EROS Data Center, Sioux Fills, South Dakota

• EnvironmentlLlProtection Division, _ief of Nival Operations, Department of
the Navy, Washington, D.C.

p

• Nationld Archives: Navy end Old Army Branch and Cartographic Branch, Wash-
ington, D.C.; end Nationml Archives at Suitland, _ry]end

• California Department of Fish and Game, YountviiJe, CaJifornil

• _tion_ _rine Fisheries Service, Tiburon, CaJifornil

United States Environmental Protection Agency, Region IX, San Francisco,
C4L]tfornl!

V
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interviews,or by comparisonwith documenteddata. In particular,
substantiationwas obtained for interviewdata affectingIAS conclu-
sions and recommendations.

1.3 REPORT RECOMMENDATIONS. Recommendationsfor possiblecoursesof
action are provided for disposal sites and spill areas locatedduring
the IAS. For sites posing a potentialdanger to human health or to
the environment,confirmationstudies under the NACIP program are
recommended.

1.3.1 ConfirmationStudy. The second phase of the NACIP program is
the confirmationStudy. Duringconfirmationstudies,extensivesam-
pling and monitoring is conductedto confirmor refute the existence
of suspectedcontaminationat sites identifiedduring an IAS. If sig-
nificantcontaminationexists, the confirmationstudy recommendsthe
types of remedial actions to be implemented. The confirmationstudy
is conductedin two steps: verificationand characterization.

1.3.1.1. VerificationStep. The purposeof the verificationstep is
to verify the presence of migratingcontaminationand determinegener-
alized site geohydrology. Efforts includeshort-termsamplingof
existingmonitoringwells, sediment,soil, and surfacewater. The
result of this phase is a general evaluationof contaminationfound,
includinggeohydrological,health, safety, and regulatoryaspects, and (
a recommendationas to whether or not to proceedwith the character-

izationstep.
1.3.1.2 CharacterizationStep. The characterizationstep, if re-
quired, is designed to determinespecificsof groundwatermovement,
site geohydrology,and the levels and distributionof contamination,
both vertical and horizontal,around contaminatedsites. Effortsmay
includeinstallatio_of monitoringwells, geophysicalmeasurements,
and quantitativeanalysesfor selectedcontaminants. The result of
this phase is a quantitativeassessmentof contaminationsources and
contaminantmigration potential.

1.3.1.3 Criteria. A confirmationstudy is recommendedonly under the
followingcircumstances:

1. Sufficientevidence exists to indicatethe potentialpresence
of contamination,and

2. Contaminationposes a potentialhealth or environmental
threat on or off the naval facility.

If these criteria are not met, no further studiesunder the NACIP pro-
gram are recommendedin the IAS report.

1.3.1.4 Evidence. Evidence used in supportingrecommendationsfor
confirmationstudies includewritten informationfrom records,verbal
reports from individualsknowledgeableof installationoperations,or
laboratoryanalysis.

v
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1.3.1.5 ConfirmationStudy RankingSystem. All known or suspected
hazardouswaste disposal sites identifiedby the IAS team were evalu-
ated using a ConfirmationStudy Ranking System (CSRS)developedby
NEESA for the NACIP program. The system is a two-stepprocedurefor
systematicallyevaluatinga site's potentialhazard to human health
and the environmentbased on evidencecollectedduring the IAS.

Step one of the system is a flowchartwhich eliminatesinnocuoussites
from furtherconsideration. Step two is a rankingmodel which assigns
a numericalscore, within a range of 0 to 100, to indicatethe poten-
tial severityof a site. Scores are a reflectionof the characteris-
tics of the waste disposedof at a site, contaminantmigrationpath-
ways, and potentialcontaminantreceptorson and off the installation.
CSRS scores and engineeringjudgmentare then used to evaluatethe
need for a confirmationstudy based on the criteriastipulatedin Sec-
tion 1.3. CSRS scores assignedto sites recommendedfor confirmation
studiesalso assist Navy managers in establishingprioritiesfor
accomplishingthe recommendedactions.

A more detaileddescriptionof the CSRS is containedin NEESA Report
20.2-042.

1-5



CHAPTER2. SIGNIFICANTFINDINGS

2.1 INTRODUCTION. Significantfindings are defined as any evidence
of past contaminationthat might representa threatto human health or
the environment. At least two indicatorsof contamination,e.g.,
interviews,documentation,or physicalevidence,were necessaryfor
the determinationof significantfindings. No samplingor analysis
was performedas part of this survey.

At NAS Alameda,12 sites were identifiedduringthe IAS. Table 2-I
sLm_narizesthe NAS Alamedasignificantfindings at these sites,while
Figure 2-i shows the locationsof the sites.

2.2 WEST BEACH LANDFILL (SITE 1). The West Beach Landfillserved as
the NAS Alamedadisposalarea from approximately1952 throughMarch
1978, althoughmost disposalof hazardouswaste at the landfillhad
been eliminatedby the late ig60s and early Ig70s. In addition,other
naval installationsdisposedof wastes at this site, includingthe Oak
Noll Naval Hospital,Naval Supply Center-Oakland,and Treasure Island.
Materialsreportedlydisposedof at the landfillincludedmunicipal
garbage;solvents;oily waste and sludges;paint waste, strippers,
thinners,and sludges;platingwastes; industrialstrippers/cleaners;
acids; mercury;polychlorinatedbiphenyl (PCB)-contaminatedfluids and
TAC rags; batteries;low-levelradiologicalwastes;scrap metal;
inert ordnance;spoiledfood; asbestos;pesticides;tear gas agents
(CS and CSC); infectiouswaste; creosote; and waste medicines and

• reagents.

Estimatesof the total amount of waste and the amountof hazardous

materialsdisposedof at the landfillvary. Since the landfillwas
used as a generaldisposalarea, there were no truck scales,or any
other means of quantifyingthe amountsor types of waste as it was
disposed.

The estimatesof amountsof waste in the landfillare based largelyon
individualrecollectionand judgement;however, some quantificationof
the amountof hazardousmaterialwas possible,based on industrial
process information. It has been estimatedthat a maximumof 1.6
million tons of municipalgarbage are present in the landfill. Esti-
mates of the amountof hazardouswaste vary from 30,000 tons to
500,000 tons.

/-_ NASAlameda Project P-183 is designed to close the landfill as a Class
II site in accordancewith state and local regulations. The design
parametersfor the landfillclosurewere in part derivedfrom ground-
water san_)lingthat was conductedin 1977 by contractorsworkingfor
the Navy.

/

A series of_lls was installed. Based on the informationavail-
able, samplingand analysisfor oil and grease,sulfides,iron,
nitratenitrogen,lead, total phosphorus,total nitrogen,and methane
derivativeswas conducted. Only low concentrationsof these materials
were found; accordingly,the landfillcloseoutdesign was for a Class
II (less than 1% by volume hazardousmaterials)landfill. Based on

_v
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AREAS OF CONIAHINA1ION.
NASAL NH[DA

Types or Haste
Period of Disposed of or

Ares of Concern Operation Spil I ed Comments
,.. . , , . , = • .• . . • .,

Heel Beech Landfill 1952 to 1978 lncluutrisl and non- An estimated 1.6 million tons of" 9srbeu_e and between
(Site 1) industrial wastes 30,000 and 500,000 tons of hmzmrdotm waste. Hazard-

ous wastes included in this tots] amount were PCBo,
solvents, plating wastes, metals, pesticides, inert
ordnemce, low-level rediolo(jical wsete, infectious
waste, and acids.

1943-1956 Disposal Area 194] to 1956 Industrial and non- An estimated 15,000 to 200,000 tons of waste,re
0 (Site 2) industrial wsetes includin(j old aircraft engines, low-level radiologi-
Po cal wastes, scrap metal, waste oil, paint wastes,

solvents, cleaning compotmde, end construction/

• debris.

Seaplane Lagoon 1943 to 1975 Industrial and non- Over the approximateJ y iS-year period, approximately
(Site 3) industrial wastes 300,OOQ,O00 gallons of waste,ester contaminated with

" heavy metals, solvents, paints, deterqents, acids,
elkylea, caustics, mercury, oil and 9rease, and
probably Pesticides and PCBs.

Ares 97 1960s to early 1970s AVCAS About )65.000 qellons of AVGASmay have been leaked
(Site 4) to shallow qroundwster in the area and been

dispersed.

Buildinos 301 end 389 1950 (?) to 1974 PCBs PL'B oils have leaked from trmzslrormers; else, PCBe
(Site 5) were allegedly used for weed control in the area.

Cans £-2 Area 1963 (?) to present PCOo PCOo have leaked frams transformer and allegedly
(Site 6) were used for weed control.

.- ( '
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Table 2-1 (Cont.)

|ypes of Waste
Period or Disposed of or

Area or Concern Operation Spilled Comments

8uildin 0 )60 1954 to present A]ka] ins permanga- Top four inches of soil removed free under the clean-
(Site 7) note, caustics, in(j shop in 1979.

cleaning solvent,
hydrochloric acid,
nitric acid, paint
remover, phosphoric
acid, rust corrosion
remover, end sodium
hydroxide

Estuary 194) to 1975 Industrial and non- Approximately 150,000,000 gallons of waste.eater over a
(Site 8) industrial wastes 2O-yeer period, including organics, wastewsters, and

I_ detergents"!

Piers end Iurning I_sin 194) to 1974 Shipboard and indus- Sediments cont_ineted by lead, zinc, cadmum, copper,
(Site 9) trial wastes volatile solids, end oil and grease.

Fuel Lines 194) to 1978 Fuel Leakage since 194).
(Site 10)

Oil Refinery 1879 to 191)) Oil Decommissioned 19031 come problems in the 1940o.
(Site 11)

Fire lrainin 0 Area 1950e (?) to present Contaminated fuel oil Aqueous fire-fighting fame, carbon dioxide, potassium
(Site 12) chloride, and Purple K have been used to extir_uieh

fires in this area.
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the informationgathered during the IAS, additionalinformationon the

landfillshouldbe obtainedbefore it is closed as a Class II site.
The specificrecommendationsfor additionaldata gatheringare dis-
cussed in Chapter4.

2.3 1943-1956DISPOSALAREA (SITE 2). The 1943-1956DisposalArea
was used for waste disposalfrom the early 1940s to 1956. Specific
informationconcerningthe materialsdisposedof at this site is lim-
ited. However,it is known that most solid waste generatedon the
base during this time was disposedof at this site. An estimated
15,000 to 200,000tons of waste were buried here. The materialdis-
posed of at this site was similarto the materialdisposed of at the
West Beach Landfill. Other items reportedto have been disposedof at
the 1943-1956DisposalArea includelow-levelradiologicalwastes,old
aircraftengines,cooked garbagefrom ships in port, and construction
debris.

- 2.4 SEAPLANELAGOON (SITE 3). The seaplanelagoon served as a
receivingwater for the disposalof millions of gallonsof wastewaters
(estimatesare that at least 380,000gallons a day were discharged)
from industrialand storm sewer outfallsfor over 30 years. At least
300,000,000gallonsof wastewaterwere depositedin the lagoon over
this 30-yearperiod. The lagoonwas originallydredged (in the 1940s)
to a depth of 15 feet; sludge and sedimenthave accumulatedin the
basin. A report put out by the Navy in 1976 on hydrographiccondi-
tions reportedthat the depth in a portionof the lagoonvaried
between 15 and 18 feet.

The seaplanelagoon has receivedwastewatercontaminatedwith heavy
metals, solvents,paints,detergents,acids, alkyles,caustics,mer-
cury, oil and grease,and probablypesticidesand PCBs. It has also
receivedthe concentratedhazardousmaterial spills that were often
washed into the station'sindustrialwaste or storm sewer collection
systems. Over the years, ships docked at the piers to the south of
the lagoonhave c_nulativelydischargedwastewatercontaminatedwith
chromium,waste oil and fuel, and assortedmixtures of paints, sol-
vents, and trash, which were swept into the lagoon by tidal action.

Accountsby long-timeen_loyeesat NAS Alamedaemphasizethe magnitude
of toxic and hazardouswastes that have been disposedof in the sea-
plane lagoon. Severalpersonnelrememberedthat fish caught in the
lagoon duringthe early Ig70s stronglysmelledof solvents and were
inedible. Duringthe 1960s and 1970s, bottom paints from small boats
anchored in the lagoonwould occasionallydissolve. Examinationof
the bottom of the lagoon In 1971 revealeda significantlydepressed
macrobenthiccommunity.

Wastewaterdischargesand waste disposed into the seaplanelagoon,
particularlyfrom NA_RFoperations,continueduntil approximately1975.
Accidentalspillsof materials such as oil and other waste have
occurredsince 1975.
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In summary:

1. Betweenthe early 1940s and mid-1970s,the seaplane lagoon
received over three million gallonsof industrialwastewater
containingtoxic and hazardouswastes from industrialactivi- v
ties within NARF and from ship maintenanceactivitiesat the
piers.

4

2. Some constituentsof the wastes disposed of in the lagoon are
heavy metals, PCBs, and other environmentallypersistent
toxic substances.

3. The seaplane lagoon is almost entirely enclosedby seawalls.
Bay currents are such that pollutantflushing action from the
lagoon is impaired,and a high shoalingrate exists.

4. Dredgingof the lagoon has been limited. Base personnel
stated that, in 1981, 21,000 cubic yards of material were °
removed from the southeastside of the lagoon in the vicinity
of Pier 1, the seawall,and the Port ServicesOfficerBuild-
ing. The spoils from this dredgingwere disposedof at the
West Beach Landfill. No evidenceexists suggestingthat most
of the lagoon has ever been dredged;shoals are visible
throughoutthe lagoon.

2.5 AREA g7 (SITE 4). Supply Fuels Branch personnelestimatethat up
to 365,000gallons of AVGAS may have leaked to the shallowgroundwater (
in Area 97 in the 1960s and early 1970s, based on the amount of AVGAS
lost from the storage tanks. While the majority of the AVGAS undoubt-

edly evaporated,a study conductedby a contractorin 1979, four years _mr
after the leaks were discovered,revealedthe existenceof dangerous
concentrationsof gasoline vapors in sewers and utilityducts in the
vicinityof Area 97. Interviewswith NAS Alamedapersonnelindicate
that this vapor problem persists,althoughfunding has been requested
to remedy the situation(MCON Project P-lg2). In addition,reevalua-
tion of data from the contractor'sreport indicatesthat gasoline-
contaminatedgroundwateris capable of greater velocitiesthan those
assumedby the contractor,and may have had the potentialover the
past 15 years to travel severalthousandfeet from Area 97. Based on
this, it is possiblethat the contaminatedgroundwaterfrom Area 97
has reachedthe seaplane lagoon as well as parts of the NAS Alameda
industrialand residentialareas.

2.6 BUILDINGS301 AND 389 (SITE 5). Prior to 1974, electricaltrans-
formerstaken out of commissionat NAS Alamedawere stored on bare
ground north of the runwaysadjacentto the Oakland Inner Harbor chan-
nel, in the vicinityof Buildings301 and 389. Personnelfamiliar
with the operationestimatethat 200 to 400 gallonsof PCB oil may
have been present at any one time. Occasionalleakageswere recalled
(amountunknown,probablyminor). More importantly,it was stated
that some of the oil was routinelydrainedfrom the transformersand
spread on the ground to controlweed growth adjacentto the trans-
formers.
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2.7 CANS C-2 AREA (SITE 6). The Cans C-2 Area, locatednear Build-
ings 338-A throughH, has been used as a storagearea for hazardous
material. Materialstored in this area originatesfrom NARF. Paints,
solvents,acids,and bases were stored outsidein containersthat
leaked,corroded,or were open, resultingin spillsover the years.
PCBs were used as needed for weed control in the area until 1963, and
a PCB transformerleaked into the area. Base environmentalpersonnel
statedthat 10 cubic yards of the PCB-contaminatedsoil from the
transformerspill were removed in August 1982 (afterthe IAS survey
was completed)by IT Corporationunder contractto NARF. Tests indi-
cate that the soil remainingon the spill site containsless than I
ppm PCBs.

2.8 BUILDING 360 (SITE 7). The engine cleaning shop in Building 360
has been in operation since 1954. In early t979 it was noticed that
chemicals (see Table 2-1) were seeping through the shop floor and con-
taminating the soil in the crawl space beneath the building. Soil
samples taken at the site in 1979 indicated that the contaminated soil
was a hazardous material and should be removed to an approved disposal
site. The contaminatedarea was estimatedto be approximately135
feet by 1SS feet; depth of contaminationwas unknown. By June 1982,
the top four inchesof contaminatedsoil were removedand a layer of
plasticinstalledunder the shop to protectmaintenancepersonnelwho
work in the crawl space. Some chemical leakagehas occurredsince the
installationof the plastic. The soil has been sampledto determine
residualcontamination. Similar leaks into the crawl space have also
occurredunder the Building360 platingshop. Tests for acids,
cyanides,and metals will be conductedon the soil.

2.9 ESTUARY (SITE 8). The Oakland Inner Harbor,like the seaplane
lagoon,servedfor severaldecades as a dischargepoint for industrial
wastes disposedof in the sewer system. These wastes includedorgan-
ics, wastewaters,and detergentsdischargedat a rate of approximately
30,000 gallonsper day, for a total of approximately150,000,000gal-
lons of wastewaterbetweenthe 1940s and the 1960/70s.

2.10 PIERS AND TURNINGBASIN (SITE 9). In 1974, "Cold Iron" facili-
ties to handle shipboardwastes were completedat NAS Alameda. Prior
to that time, ships in port continuednormalpower generationand ship
supportfunctions. The waters of the piers and turningbasin received
shipboardswastes,bilgewater,and maintenancedebris from as many as
17 ships (aerialphotographsshow four carriers and 13 other ships in
port) at once. These wastes contaminatedthe sedimentsin the turning
basin and pier area.

Analysis of the sedimentsin the pier area conductedby the Department
of Navy in March 1976 prior to maintenancedredging in 1978 revealed
that these sedimentsexceeded allowableUnited States Environmental
ProtectionAgency (EPA) concentrationsfor lead, zinc, cadmium,cop-
per, volatilesolids,and oil and grease. The turningbasin, which
lies to the west toward the bay, had lesserconcentrationsof these
pollutants.

2.11 FUEL LINES (SITE 10). When constructed,NAS Alamedacontained
n_rnerousAVGAS distributionlines which were buried at depths of less



than two feet. When the Area 37 AVGAS tanks were taken out of commis-
sion in 1968, and the Area 97 tanks in 1975 and 1978, the fuel lines
leadingfrom these tanks were abandoned. The abandonmentprocedure
consistedof draining the fuel from the lines and then fillingthem
with water.

Few of the abandonedlines had retained their structuralintegrity.
Two lines failed the routine hydrostatictestingsconductedprior to
the general1968, 1975, and 1978 decommissionings,and had to be
abandonedearlier than scheduled. Unable to hold the water put into
them as part of the abandonmentprocedure,these lines filled up with
gasolinevapor from residual gasoline,thus creating a potentially
hazardousexplosivecondition. When constructionat Pier I necessi-
tated the removal of abandonedlines in 1979, one pipe caught fire
three times before being removed.

• Breaks in the pipeline leadingfrom the main JP-5 storagearea (Area
374) to the aircraftfuel truck loadingarea (Area 373) have been
observed. These breaks have resulted in some leakageof fuel into the
surroundingarea. This type of problem has been present since 1941,
when one break, reported to be located "southwestof Hangar 23,"
requiredextensivesoil excavation and the removalof gasoline by

pumpingbefore vapor levels could be broughtto a safe level. These {
abandonedfuel lines do not normallyrepresent a hazard, and any con-
taminationof groundwaterwould be minimal. However, the lines do
presentproblems to workers wheneverexcavationor removal of the
lines occurs. _

2.12 OIL REFINERY (SITE 11). From 1879 to 1903, the Pacific Coast
Oil Conkoanyhad a refinery located in the area that is now the south-
east corner of the base. The refinery was removed upon completionof
StandardOil refining facilities at Point Richmond. Refinerywaste
and asphalt-typeresidue were dumped at the site, creatingsufficient
vapor pressureto cause disturbanceof the Navy-constructedsurfacing
in the 1940s. The problemwas eventually solved by excavatingan area
approximately30 feet square down to the old material, pouring a con-
crete slab over the entire area, and backfillingand resurfacing.
There has been no further trouble at this location;however, "black
oilu has been found during drilling in the area.

2.13 FIRE TRAINING AREA (SITE 12). The fire training area, located
on the perimeterroad in the vicinity of Building443, serves as a
training facility,a fire extinguisherdischargepoint, and a drug
contrabandburning area. Burninghas been conductedtwice a month
using approximately100 gallonsof contaminatedfuels and oils ob-
tained from NAS Alamedaplane defuelingoperationsor from bowsers
(reconfiguredaircraftengine shippingcontainersused to hold waste
fluids; see Figure 6-12 in Section6). Aqueousfire-fightingfoam,
carbon dioxide, potassiumchloride,and PurpleK are used to extin-
guish the fire. Approximately60 to 70 thirty-poundpotassium
chloride extinguisherswere dischargedthree to four times a year for
at least 10 years. The use of bowser fluids contaminatedwith heavy
metals could have left a toxic residue at this area.

v
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2.14 GENERALSIGNIFICANTFINDINGS. NAS Alamedareceivesits water
from the East Bay MunicipalUtilityDistrict (EBMUD). Shallowground-
water has never been consideredas a water supply. Additionally,two
early, fairly deep wells were closed due to naturalmercury contami-
nation.

The largestnestingand breeding groundsin NorthernCaliforniafor
the Californialeast tern are locatedon NAS Alameda (see Figure 5-2
in Section5). The least tern is listedby the state and federal
governmentsas an endangeredspecies. Other endangeredspecies
locatedin the vicinityof NAS Alameda are listed in AppendixD.

In additionto the sensitiveenvironmentof the least tern's nesting
grounds, NAS Alamedais near severalother sensitiveenvironments
locatedin the San FranciscoBay Area. The seaplanelagoon has been
designatedby the CaliforniaFish and Game Commissionas a striped
bass sportsfishingarea (see Figure 5-2 in Section5). The Commis-
sion has designatedthe estuary as a sports fishingarea for perch, as
well as a collectingarea for Iittleneckand soft-shellclams. South-
east of NAS Alameda,in the bay, there is commercialfishingfor her-
ring and sportsfishingfor leopardsharks. There is also a public
beach locatedsoutheastof NAS Alameda. Nearby,anotherendangered
bird species,the Californiaclapperrail, is found. NAS Alamedais
also near a flatfishnestingarea. Crab Cove, locatedat the west end
of the Robert Crown Memorial State Beach, is a uniquemarine reserve
protectedby Californialaw and administeredby the East Bay Regional
Park District.

A major part of the evaluationof the currenteffectsof past waste
disposalpracticesis a review of the toxicological,chemical,and
physicalpropertiesof the contaminants. The chemicalshistorically
present at NAS Alamedaare of two categories: those that should not
pose a problemto the surroundingenvironmentor the health of base
personnel,since they are neitherparticularlytoxic nor persistent
(see Table 2-2); and those that are potentialproblems,since they are
corrosive,toxic, or persistent (see Table 2-3). These chemicalsmay
adverselyaffectthe environmentalcomponentthey come in contact
with, or persistfor years, or bioaccumulateto levels of environ-
mental concern. To facilitatean understandingof the potentialprob-
lems presentat NAS Alameda,AppendixA gives brief summariesof the
toxicologicalcharacteristicsof the chemicalsin the second category.
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TabJe 2-2

CHEMICALWASTESGENERATEDAT NAS ALN_A
WITH POTENTIAL FOR MINIHAL ENVIRONMENTALIHPACT

Acetic acid

• Acetone

Butyl aJcohoJ

EthyJ mcetmte

Ethyl alcohol

G1yce rt rm (

Iaop_pyJ Ilcoho]

Hethy] alcoho] _.

Hethy] ethy] ketone

O|eic ecid

Sodium auJ rate •

V
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Table 2-3

_EHICAL NASTESGENERATe} AT NAS ALAMEDA
NITH POTENTIAL F0R MODERATET0 HIGH

ENVIRONMENTALIMPACT

Acrylic thinners Methylene chloride

/mmontul nitrate NethylchloroForm .
(1,1,1-trlchlocoethlne)

Ant]Jnony trioxide
_thyl ethyl ketone peroxide

Asbestos
Mercury

Avistion gasoline
Nwhthe

Bmtterzee (leed, mercury)
Nmphthmlene

Benzene
Nickel

Benzoyl peroxide
Nitric acid

Beryllium
Phenols

Cadmium
Pholphoric acid

Chromates
Polysrometic hydrocarbons (PAHe)

Chlordane
Polychlorinsted biphenyls (PCBs)

Chloroform
Potassium cyanide

Copper
Potassium pe_nqanete

Copper cyanide
Plating end metal ?_nishing

Creosol (codmium, chrome, copper,

Creosote Laid, nickel, silver)

Silver cyanide
_m' Creeylic acid (hydroxytoluane) ..

Z,_-D Soaps
Sodium cyanide

Oichlorobenzene
Sodium hydroxide

Dimethylanzline
Sodium hypochlorite

Dope thinner
Spent blasting grit

Ethylene glycol

Fluorides Stoddsrd solvent
Sulfuric acid

Fluorinstod hydrocarbons

_tane Test gas agents (CS and CSC)

Hexane Tettschloroethylene
Toluene

Hydrochloric acid
Trichloroeth_

Lacquer thinner

Lead Ttichloroethylene

Lindens Xylane

Karoalme

Manganese cerbonyl
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CHAPTER3• CONCLUSIONS

3.1 INTRODUCTION. Professionaljudgmenton the part of the IAS team
was the prime determinantin concludingthat a site representeda
potentialthreat to human health or the environmentand, as such, war-
rants furtheraction under the NACIP program. The IAS team was
assistedin reachingthese conclusionsby use of the NEESA-developed
CSRS (see Section1.3.1.3). Of the 12 sites identified,seven were
judgedto warrantfurtherstudy. The followingsectionsdiscussthe
conclusionsreachedfor each site.

3.2 .WEST BEACH LANDFILL (SITE 1). The West Beach Landfillreportedly
\__ha_Ireceived1.6 milliontons of garbage and between30,000 and

500,000tons of waste oils, solvents,chemicals,PCB-contaminated
• fluids, asbestos,pesticides,low-levelradiologicalmaterial,and

other hazardouswastes• The soils at this site are possiblycontami-
nated, and migrationof contaminantsto the San FranciscoBay is pos-
sible. The area of the bay near the West Beach Landfillserves as a
feedingground for the Californialeast tern, an endangeredspecies.
Contaminationfrom NAS Alamedacould affectthe food chain for this
bird throughbioaccumulationof contaminantscontainedin the small
fishes and other marine life upon which the least tern feeds. It
could also affectthe sportsfishingfor stripedbass and leopard
sharks in the area, as well as nestinggroundsfor the flatfish• The
IAS team has concludedthat further investigationunder the NACIP
programis warranted.

3.3 1943-1956DISPOSALAREA (SITE 2). The 1943-1956DisposalArea
reportedlyhas receivedbetween15,000 and 200,000tons of waste,
including waste oil, paint waste, solvents,cleaningcompounds,_scrap
metal, cooked garbage,and radiologicalmaterial. Currently,the arear.

is coveredwith soil and is occupiedby the west end of Runway 7-25,
the north end of Runway 13-31, two ammunitionstoragefacilities,and
a recreationarea consistingof a skeet and pistolrange, picnic
grounds, a baseballdiamond, and recreationbuilding. In addition,a
joggingcourse runs the length of the site.

The contaminationthat exists in this area could affect the health of
individualsusing the recreationarea if significantdisturbanceof
the soil cover were to occur. Such a disturbanceis possible as the

o result of such proposedprojects as the expansionof recreational
facilitiesand the constructionof additionalstoragefacilities.
These projectswould involveextensiveearth moving or excavation.
While none of the proposedprojectshave receivedfull fundingto
date, the possibilityof significantdisturbanceof the soil cover
exists.

Migrationof contaminantsfrom the disposal area into the San
FranciscoBay could also affect the Californialeast tern, an endan-
gered species,throughbioaccumulationof contaminantscontainedin
the small fishes and other marine life upon which the least tern
feeds. Stripedbass and leopardsharks,both of which are important
to the sportsfisheriesin the bay, could also be affectedby bio-
accumulationof contaminants.
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The 1943-1956Disposal Area warrants further investigationunder the
NACIP program.

-3.4 I'SEAPLANELAGOON (SITE 3). The contaminantsin the lagoon are
such that the food chain for the Californialeast tern could be
affected. In addition,there has been a demonstratedeffect on the
sportsfishing in the lagoon (in the past, fishermenhave complained
of a "solvent-likesmell and taste" to the stripedbass caught in the
lagoon). Further investigationof this site under the NACIP program
is warranted.

...3.5 AREA 97 (SITE 4). Gasoline vapors continueto present a hazard
in-the vicinity of Area 97. MCON ProjectP-192 proposesto vent the
utility lines, thus reducing the hazard of gasoline vapors. However,
fundingfor this project has not yet been received. Gasolinehas also
been detected in the groundwater. It is probable (based on the anal-

• ysis discussedon page 6-8 of this report)that contaminatedground-
water has reached and continuesto reach dischargepoints such as the
seaplane lagoon. AVGAS could be affectingthe food chains in the
lagoon. Further study under the NACIP program is warranted.

_3.6 BUILDINGS301 and 389 (SITE 5). During the 1960s and early
I970s, PCB oils leaked and were sprayed onto the ground to control
weeds at the old used-transformerstoragearea in the vicinityof
Buildings301 and 389. The amount of oils remainingin this area is
unknown. However,PCBs are very persistent,with a half-lifein soil
of approximatelyeight years, and bioaccumulate. These PCBs could
representa threat to human health;however, their proximityto the
Oakland Inner Harbor with its concentrationof fish (see Figure 5-2 in
Section 5) is of greater concern, and warrantsfurther investigation
under the NACIP program.

3.7 CANS C-2 AREA (SITE 6). The soils beneaththe Cans C-2 Area
have been contaminatedby spills of solvents,paints,paint strippers,
and organic chemicals, as well as by the deliberatesprayingof PCBs
for weed control. These chemical spills,which can still be seen,
representa potentialthreat to the health of the workers in the area.
As such, further investigationof the extent of contaminationis
warranted under the NACIP program.

3.8 BUILDING 360 (SITE 7). Soils beneaththe engine cleaning and
plating shops in Building 360 have been contaminatedwith unknown
quantitiesof various chemicals. Somemeasures have been taken to
mitigate the contaminationbeneaththe cleaningshop; however,no
investigationor remedial measures have been undertakenregardingthe
potentiallycontaminatedsoils beneath the platingshop. The site
warrants further investigationunder the NACIP program.

3.9 ESTUARY (SITE 8). Materialsdischargeddirectlyto the estuary
totaledapproximately30,000 gallons of waste per day. However,three
factorshave helped to mitigate the effect of these chemicals. First,
the wastes themselveswere either quicklydispersedbecauseof their
volatility(organics),or were dilute to begin with (washwaters), or
had only moderate potentialfor harmingthe environment(detergents).
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= Secondly,the Oakland Inner Harbor has a vigorousflushing actiondue
to tidal influences,as well as a good mixing actionand dilution
capability. Finally,the Oakland Inner Harbor has a low shoalingrate
and is dredged,therebyreducingthe possibilityof a buildupof
contaminantsin the estuaryas the result of NAS Alameda activities.

These factorsculminatein no discernibleenvironmentaleffect;
further study under the NACIP program is not warranted.

3.10 PIERS AND TURNINGBASIN (SITE 9). Analysisof samplesof the
sedimentin the piers and turningbasin indicatecontaminationaccord-
ing to EPA standards. However,the advent of Cold Iron at NAS Alameda
has greatlyreducedthe possibilityof continuedpollution. The
nearly annualdredgingof the piers and turningbasin reducesthe
amount of previouslycontaminatedsedimentin the area. Disposal
practicesare such that no new environmentallysensitiveareas are
threatened. Furtherinvestigationunder the NACIP program is not
warranted.

3.11 FUEL LINES (SITE 10). While the leaks from the fuel lines have
been a continuingenvironmentalproblem at NAS Alameda,the impactof
these leaks is minor. The IAS team has concludedthat futher investi-
gation under the NACIP programis not warranted.

3.12 OIL REFINERY (SITE 11). The mitigativeactionsundertakenat
this site in the 1940s have apparentlyremovedany threat to human
health or the environment. No further study under the NACIP program
is warranted. -.....

3.13 FIRE TRAININGAREA (SITE 12). The use of contaminatedoils for
fuels and the dischargeof fire-fightingchemicalsmay have resulted
in the contaminationof soils in the fire trainingarea. However,the
effects are localizedand relativelyminor. No furtherstudy under
the NACIP programis warranted. ..............
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CHAPTER4. RECOMMENDATIONS

4.1 INTRODUCTION. Recommendationsfor possiblecoursesof action are

providedfor areas of potentialcontaminationidentifiedduring the
IAS. For sites posing a potentialdanger to human health or to the
environment,confirmationstudiesunder the NACIP programare recom-
mended. For sites which warrantcleanup actionsbut do not warrant
confirmationstudies,mitigatingactionsare proposed. Seven sites
have been recommendedfor further action (see Table 4-1).

4.2 WEST BEACH LANDFILL(SITE i).

GroundwaterSample Borings: As a possiblemeans of reducingcosts
during the verificationphase of the confirmationstudy for the West
Beach Landfill,the-IASteam recommendsusing the 14 wells previously
installedwheneverp6ssible_.N6t-ai:lOf the-61d wel-lsmay be accept-
able. However,no more than 14 groundwatersampleboringswill be
necessarysince the number of sample boringsto be drilledwill depend
on the presentconditionof the old samplingwells. If an old well is
no longer usable,a sample boring should be drilledat that location.
If an old well is presentbut extendsto a depth greaterthan 10 feet
beneaththe presentwater table (i.e.,the length of the water column
in the well exceeds 10 feet), a sample boring should be drilled adja-
cent to the old well. Appendix B detailsthe specificationsfor con-
ductingthe sampleboring program.

T_e of Samples: Groundwa_ter.

Numberof Samples: One per well; no-mor_ethan_14.

Testing Parameters: Inorganics: cadmium,chromium,lead,mercury,
nickel, silver,selenium,and zinc. Organics: total organiccarbon
(TOC) and total organichalogens (TOX). Also, gross alpha and gross
beta radiationmeasurement,pH and static water levels.

Frequencx: Quarterlyfor one year. If screeningidentifiesany con-
tamination,additionalsamplesand analyseswill be required.

Remarks: This is only the verificationphase of the confirmation
study. If significantcontaminationis found, a more detailedcharac-
terizationphase of the confirmationstudy would be necessaryto
determineits extent. AppendixC contains an outlineof such a study.

4.3 1943-1956DISPOSALAREA (SITE 2).

GroundwaterSample Borings: Three, equally spaced along the seawater
perimeterof the s_te.

T_ypeof Samples: Groundwater.

Number of Samples: Three.

TestingParameters: Same as for Section4.2, above.

Remarks: Same as for Section 4.2, above.
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Table 4-1

RECOMMENDAIIONS,NAVNL AIR STATION (NAS) ALAHEDA

Confirmation Study
. .. ...

Verification (Qne-lime Study) Characterization (First-Year Effort)
, , .., . ,

Report NLmber Number
Number- of of Number Number

Site CSRN Soil Water Testing of of 1eating
Number Site Name Score Ssnpl es Samples Paramters Wells Samples Parameters

014-1 West Beech Landfill )8 0 No more Inorganiesz cadmitm, 20 20 ground- As detected during verifi-
than 14 chro,,iua, lead, mrcury, water cation study

nickel, silver, selenium,
4=. and zinc. Organicas
0 lO£ end lOX; gross alpha

r_ and gross beta

014-2 194)-1956 Disposal 36 3. Same as above 3. 3. ground- As detected during verifi-
Ares water cation study

/
014-3. Seaplane Lagoon 40 3. 60- 3, near- Some so above Mitigative action to fol-

inch bottm I oN verification
piston
co re
sedi -
ment

sBepl e8

014-4 Area 97 17 12 Gasoline If gasoline ia faired, addi-
tional borings should be

•- installed to define extent
of gasoline plume

. ( ( (
c
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Table 4-1 (Cont.)

Gonfi rmation Study

Verification (One-lime Study) Characterization (First-Your Effort)

Report Number Number
Number- of of Number Number

Site CSRH Soil Hater Testing of of Testing
Number Site Name Score Samples Samples Parameters Helle Samples Parameters

i i , ,

014-5 Buildings )01 14 9 PCBs 45 to 60
and 389

014-6 Cans C-2 Area 20 30 PCBsp pesticides, heavy 90 to 150 If pesticides or heavy
4_ metals metals found, appropriate
I [PA toxicity tests should
_'J be run

014-7 Building 360 8 6 In the six equally spaced Mitigative action to fol-
holes beneath the plating lo_ verification phase if
ahopz pH, cyanide, necessary
chromep ]eadt silver_ and
nickel



4.4 SEAPLANELAGOON(SITE3).

Sediment Cores: Three, each 60 inches long, to be taken with a piston
'coringdevice at the locationsindicatedon Figure 4-1. The sample
locationswere selected so that both dredged and undredgedportionsof
the lagoon could be sampled.

Near-BottomWater Samples: To be taken at the same locationsas the
sedimentcores.

Type of Samples: Sediment and water.

Number of Samples: Three water and nine sediment. Three from each
core taken from the depth intervalszero to 12 inches,24 to 36
inches,and 48 to 60 inches.

TestingParameters: The same as listed for the landfillstudy out-
lined in Section4.2 above. T

4.5 AREA 97 (SITE 4).

GroundwaterSample Borings: Twelve, initially(see Figure 4-2 for
_ocations). The Poring proceduresto be followedare describedin
Appendix B.

.l'_ypeof Samples: If multi-phaseconditionsare encountered,separate
samplesof the gas and groundwatershould be obtained; i.e., separate
samplesfrom each phase. Samplesmay simply be dipped or thievedout
of the holes.

.Numberof Samples: Twelve, initially. ;

Testing Parameter: Gasoline.

Remarks: This programcomprisesthe verificationphase of the con-
firmationstudy based on the analysisdiscussedon page 6-8 of this
report. Should gasoline be found, additionalborings should be
installedin appropriatelocationsto define the extent of the gaso-
line plume in the characterizationphase of the confirmationstudy.

4.6 BUILDINGS301 AND 389 (SITE S).

Hand-AugerSoil Borings: Three in verificationphase; 15 to 20 in
characterizatio'nphase of the confirmationstudy.

Type of Samples: Soil.

Number of Samples: Nine, in verificationphase; three per boring
Taken at zero to six inches,18 to 24 inches,and 30 to 36 inches.
In characterizationphase, 15 to 20 boringsat appropriatedepths.

TestingParameter: PCBs.

Remarks: Initialthree borings should be installedin areas most
likel_ to be contaminated. Care should be taken to clean auger

between samplesto preventcross contamination.
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Fi_Jl;e4_2 --PROPOSEDPHASEISOIL BORING LOCATIONS(APPROXIMATE),
AREA 97 (SITE 4L NASALAMEDA
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4.7 CANS C-2 AREA (SITE 6).

Hand-AugerSoil Borings: Five to 10 for the verificationphase in the
more visiblespill areas and on the steel grid roadwaywhere PCBs were
reportedto have been sprayedfor weed control. For characterization
phase, 30 to 50 locations.

T_e of Samples: Soil.

Number of Samples:Five to 10 for the verificationphase; three per
boring taken at zero to six inches,18 to 24 inches,and 30 to 36
inches. In confirmationphase, 90 to 150 samplesat appropriate
depths.

TestingParameters: PCBs, pesticides,cadmium,zinc, lead, silver,
mercury, copper,chromium, and nickel. If pesticidesor heavy metals
are found to be present, the appropriateEPA toxicitytests should be
conducted.

Remarks: Care should be taken to keep auger clean between samplesto
preventcross contamination.

4.8 BUILDING360 (Site 7).

Hand Augered Soil Borings: Six equally spaced in the ground beneath
the plating shop.

T_pe of Samples: Soil.

Number of Samples: Six; one per each boring taken over the zero to
12-inchdepth interval.

TestingParameters: Beneaththe platingshop: pH, cyanide, chrome,
lead, silver,and nickel.

4.9 GENERALRECOMMENDATIONS. All sites recommendedfor confirmation
studiesunder the NACIP program,or for mitigative activityof any
kind, shouldbe designatedon base maps as areas of interest. These
sites should also be entered into the facilityMaster Plan with a
descriptionof the proposedconfirmationstudiesor mitigative
actions.

The IAS team concurs with the sampling and cleanup activitiesproposed
or currentlybeing undertakenby the facility,as discussedin Chapter
2. These activitiesincludeclosureof the West Beach Landfill (Site
i) in accordancewith state directives;the _eductionof the hazard
posed by vapors in manholes and vaults resultingfrom the leaks in
Area 97 (Site 4); and the cleanup of PCB-contaminatedsoil from the
Cans C-2 Area (Site 6). The IAS team recommendsthat these efforts be
coordinatedwith the activitiespresentedin Sections4.2 through 4.8.

v
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' CHAPTER5. BACKGROUND

5.1 GENERAL. NAS Alamedais locatedat the west end of the City of
Alamedain AlamedaCounty,California. Originaldevelopmentof the
base was begun by the United StatesArmy in 1930 and was transferred
to the Navy in 1936. The populationof NAS Alamedapresentat any one
time averages15,600. NAS Alamedaserves as homeportto over 12,000
Navy personnelaboard ships and 2,000 reservepersonnel. Civilians
total approximately7,400,nearly 5,000 of which are employedby NARF.

5.1.1 Socioeconomics. NAS Alamedais at the geographiccenter of the
San Francisco-OaklandMetropolitanArea. This area is divided into
two sectors. San Franciscoand San Mateo countiesmake up the portion
known as the West Bay, while Alamedaand Contra Costa countiesmake up
the portionknown as the East Bay. NAS Alameda is locatedin the East
Bay Area.

The San Francisco-OaklandStandardMetropolitanStatisticalArea
(SMSA),*consistingof Alameda,Contra Costa,Marin, San Francisco,
and San Mateo counties,covers 2,480 squaremiles borderingSan
FranciscoBay. The City of San Francisco(the boundariesare coexten-
sive with the county)isthe largestcity. Oakland,just across the
bay in AlamedaCounty,is the second largestcity.

To the north lie Sonoma,Napa, and Solano counties,principallyknown
for their vineyardsand rural settings,althoughSonoma County con-
tains a sizeabletrade and servicecenter and Solano County is the
site of a shipyard (NSY Mare Island)employingseveralthousand work-
ers. To the east lies the San JoaquinValley,California'sagricul-
tural heartland. :SantaClara County,which borders Alameda.andSan
Mateo counties on the south, has rapidlybecome an importantmanufac-
turing and populationcenter. The Bay Area'swestern boundary is the
PacificOcean.

The bay region is made up of nine countiesand cities linked together
economically,socially,and politically. This area is overseen by a
number of municipal,county,state, and federalagencieswhich admin-
ister programsand formulatepoliciesaddressinga varietyof regional
concerns. ExecutiveOrder 12088 of 13 October1978 states that all
federalfacilitiesmust comply with the "substantive,procedural,and

, other requirements"of all applicablepollutioncontrolstandards. By
its intention,the Navy and other federalagenciesmust abide by state
and local regulationsas well as federalrequirementspursuantto
environmentalacts. These acts are identifiedas the Clean Air Act;
Noise ControlAct; Marine Protection,Researchand SanctuariesAct
("OceanDumping"Act); Safe DrinkingWater Act; and radiationguidance
from the Atomic EnergyAct. Other regulationsaffectingNAS Alameda

*The San Francisco-OaklandStandardMetropolitanStatisticalArea
will, for convenience,be referredto as the San Francisco-Oakland
SMSA, the San Francisco-OaklandMetropolitanArea, or the Bay Area.
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includethe ResourcesConservationand RecoveryAct and the Comprehen-
sive EnvironmentalResponse,Compensationand LiabilityAct. NAS
Alameda is thereforeaffecteddirectly or indirectlyby a number of
governmentalentities and regulatoryagencies,the most importantof
which are discussedbelow, along with their correspondingjurisdic-
tions.

Water Quality. The CaliforniaRegional Water QualityControl Board
(CRWQCB)for the San FranciscoBay Area implementslocal water quality
standards. It administersthose policiesestablishedby the state
level authorityof the CaliforniaWater ResourcesControlBoard. The
CRWQCB sets water qualityminimums for all waters, includingground-
water in the bay region, and regulatesdischarges into these waters.
The CRWQCB also regulatesthe quality standardsof the water that can
be decanted back into the bay from dredge spoil ponds.

Air Quality. Air quality standardsare interpretedand enforcedby
the CaliforniaAir ResourcesBoard. The local implementingagency,
the Bay Area Air Quality ManagementDistrict (BAAQMD),maintainssur-
veillanceover industriesin the area for compliancewith regulations
concerningair pollutingemissions.

Bay Fill and Coastal ConsistencyDevelopment. The agency currently
most active in the review of projects and developmentconcerningthe
bay and its coastline is the San FranciscoBay Conservationand Devel-
opment Commission(BCDC). The BCDC has been given the responsibility
for developingand enforcingthe CoastalZone ManagementProgramfor
the San FranciscoBay. Its jurisdictionin the regulationof dredg-
ing, filling, and coastlinedevelopmentof the bay includesall waters
and land subjectto its tidal action, i.e., sloughs,tidelandsand

adjacentmarshlands,salt ponds, submergedlands, and certain water-
ways. Authorityalso has been grantedover a shorelineband that •
extends 100 feet inland from the water's edge at highest tide.

Though not legallysubjectto the jurisdictionof the BCDC (federal
lands are exempt from a state coastal zone management plan), the Navy
and other federal agencies are requiredby the legislationof the
Coastal Zone ManagementAct (CZMA)to "be consistentto the maximum
extent practicable"with the plans and policiesof the initiating
agency for the local coastal zone managementprogram.

Dredgin_ and Dredge Spoil Disposal. The United StatesArmy Corps of
Engineersis responsiblefor maintainingthe deep water channels of
the shipping lanes of the San FranciscoBay. They issue all dredging
permitsin the bay after hosting the necessarypublic review process.

Other agencies involvedin the review of a proposeddredging project
include the BCDC, the CRWQCB, and the CaliforniaDepartmentof Fish
and Game (CDFG). Each agency has its own interestsand concerns. The
BCDC, as previouslydescribed, is primarilyconcernedwith preserving
the integrityof the bay and protectingthe surroundingmarshes and
tidelands;CRWQCB regulatesthe qualityof water that can be legally
decantedback into the bay; and CDFG makes judgments as to the pos-
sible adverseimpactson fish and other wildlifecaused by a proposed
dredging project,especiallydredging impactson endangeredspecies.
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Intergovernmentalcoordinationbetweenthe Navy and the United States
Army Corps of Engineersoccurs when NAS Alamedarequests a dredging
permit.

The Associationof Bay Area Governments(ABAGI. The ABAG is a volun-
tary organizationprimarilymade up of electedofficialsfrom city and
county governmentswho serve in an advisorycapacity to solve regional
problems. This organizationacts under state enabling legislationas
the areawideclearinghousefor the review of all federalgrant appli-
cationsfor the bay region. While ABAG does not have any enforcement
authority,the associationdoes serve as a guardianof public interest
and can use the media to achieve its aims.

The CaliforniaGovernor'sOffice of Plannin_and Research (OPR). The
OPR is the comprehensiveplanning agencyfor the state and serves as
the planning and research staff for the Governor,his cabinet, and the
legislature. OPR is the state clearinghouse(A-95)for the review of
environmentalimpactreports, federalgrant applications,and planning
action programs.

The CaliforniaDepartmentof Health Services. This agency is respon-
sible for"administeringthe CaliforniaHazardousWaste Programas well
as the ResourceConservationand RecoveryAct (RCRA)program in
California.

The Alameda County AirportLand Use Commission(ALUC). The ALUC is an
appointed'bodyconcernedwith 'landuse in the vicinityof public air-
ports. The ALUC has adoptedan airportarea of concernfor NAS
Alamedaand is reviewingdevelopmentproposalsin the vicinity of the
air stationwithin their area of influence.

-UnitediS_t-es_C6ast:Gua_-d.-The Un:it:ed-StatesCoast_Guard_i_-r-e_poh--'_
sjble fori_proper_use__fShi°ppinglanes in-theSan_FranciscoBay, as_
Well aS oil spill response_

5.1.2 Locationand Description. NAS Alamedaencompassesa total of
2,634 acres of land, water, and airspaceeasement. The 2,561 acres
owned in fee include958 acres of water. Of the 159 acres held under
a one-dollar-per-year,long-termlease from the City of Alameda,only
nine acres are land. In April 1969, an aviationeasementfor a 50-

, year term was acquiredfrom the Port of Oakland. This allowedair-
space rights over 122 acres of land in the glide approachto Runway
13. NAS Alameda'sreal property includes: two runways (one 200 feet
by 8,000 feet and the other 200 feet by 7,200 feet), encompassing
337,800 squareyards; taxiways,encompassing183,235square yards; and
aircraftparking/accessaprons,encompassing469,700 squareyards.

The northernportionof the island of Alamedawas formerlytidelands,
marshlands,and slough adjacentto the historicalSan AntonioChannel,
now known as the estuaryor the Oakland Inner Harbor. Much of NAS
Alameda,which is on the west side of the island,originallywas
water. The stationis rectangularin shape, a littleover two miles
in length,and one mile in width. To date, the base occupies 2,570
acres of dry land, most of which was createdby filling. The terrain
is flat, averaging15 feet above sea level. (Sections5.3 and 5.4
discussthe physicalfeaturesof NAS Alamedain greaterdetail.)
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5.1.3 Organization. The mission of NAS Alameda is to maintain and
operatefacilitiesand provide servicesand material supportopera-
tions for aviationactivitiesand units of the operatingforces of the
Navy, as well as for other activitiesand units as designatedby the
CNO.

Figure _-i shows the chain of command for NAS Alameda. The commanding
officer representsan echelonfive level of command. His principal
responsibilityis to see that assignedtasks and functionsare per-
formed to the successfulaccomplishmentof the overallmissionof the
station. Higher echeloncommands having authorityover the operations
and duties of the stationare the Commanderin Chief, U.S. Pacific
Fleet (CINCPACFLT);CommanderNaval Air Force, U.S. PacificFleet
(COMNAVAIRPAC);and CommanderLight Attack Wing, U.S. PacificFleet
(COMLATWINGPAC).The major claimant from whom all Operationand Main-
tenance (O&MN)monies and military construction(MILCON)funding are
provided is CINCPACFLT.

5.1.4 Tenants and SupportedUnits. An importantfunction of NAS
Alameda is to provide facilitiesand supportto the many tenants and
major supportedunits stationedat the base. At present, 30 separate
and diverseactivitiesprovidetheir servicesto the PacificFleet
from facilitiesat the station. The Naval Air Rework Facility (NARF)
and the Naval Air Reserve Unit (NARU) are the station'slargesttenant
commands. Support of these two activitiesis one of the primaryfunc-
tions of NAS Alameda. The tenants presentlyon board at NAS Alameda
are listedbelow:

Naval Air Rework Facility (NARF);

Naval RegionalData AutomationCenter (NARDAC);

_lavalOceanographicCommandDetachment(NAVOCEANCOMDET);

Naval RegionalMedical Center (NAVREGMEDCEN);

Navy Public Works Center (PWC);

Naval Air Reserve Unit (NARU);

Marine Air Group Forty-Two(MAG-42);

Navy CommissaryStore (COMSYSTO);

Naval Regional Dental Center (NAVREGDENCEN);

Navy Disease Vector Ecologyand ControlCenter
(NAVDISVECTECOLCONCEN);

Naval Supply Center-Oakland(NSCO);

Naval InvestigativeServiceOffice (NAVINVSERVO);

H_an Resource ManagementDetachment(HUMRESMANDET);

TelecommunicationsCenter; and v
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ECHELON 3: COMMANDER NAVAL AIR FORCE
U.S. PACIFIC FLEET
(COMNAVAIRPAC)
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_' Figure 5-1 CHAIN OFCOMMAND, NAS ALAMEDA
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Supervisorof Shipbuilding,Conversionand Repair, San Fran-
cisco (SUPSHIP).

Major supportedunits are:

CommanderCarrier Group Three (COMCARGRU3);

CommanderCarrier Group Seven (COMCARGRU7);

COMNAVAIRPACMaterial RepresentativeOffice;

Naval ConstructionBattalionUnit-416 (CBU-416);

ExplosiveOrdnance Disposal (EOD) Group One;

Marine Barracks;

Naval Aviation EngineeringServicesUnit;

Navy Exchange;

SubmarineDevelopmentGroup One Detachment(COMSUBDEVGRUONE-
DET);

Combined Services Support Program School (COMBINEDSVCSUP-
PSCOLSPAC);

Counseling and Assistance Center;

Naval Air Logistic Control Office EasternPacific (NALCOEAST- :
PAC);

Navy Alcohol Action Safety Program;

Personnel SupportActivity Detachment;and

Pacific Fleet Audio-VisualFacility (PACFLTAVFAC).

5.2 HISTORY. Alameda Island,originallya peninsulacoveredwith
giant oaks and thick undergrowth,was first inhabitedby the mussel-
and clam-eatingtribe of the CostanoanIndians. Old Alameda Point,
now part of NAS Alameda, was the site of an Indianburial ground. In
1776, the 43,000-acreisland was grantedto Don Luis Maria Peralta,
who had immigratedfrom Tabac in Sonora,for'his40 years of service
as a soldierto His Majesty, the King of Spain. Before his death, Don
Luis distributedhis lands among his children. His son, Antonia
Maria, receivedthe portionthat includesthe City of Alameda,which
he subdividedand sold to early settlers. The settlerschoppeddown
the oak trees of West Alamedaand raised vegetablesand fruit on the
cleared land. Originally,the area was called "Bolsa de Encinal"or
"Encinalde San Antonio." In 1853, the name of the developingtown
was changedto Alameda,meaning "grove of poplar trees."
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Chineselabor was later broughtto Alamedato constructroads. The
Chinesemade Alamedathe headquartersof their Tong, a secret politi-
cal/religioussociety. In 1864, the San Franciscoand AlamedaRail-

k_j road was constructed,runningfrom High Street,Oakland,to the west
end of Alamedaand terminatingat a ferry landingat the presentsite
of Pier 2. This became the westernterminusof the CentralPacific
transcontinentalrailroad. Old AlamedaPoint was the scene of early
industrialactivity. An oil refinerycalled the PacificCoast Oil
Companywas constructedin 1879 and later purchasedby the Standard
Oil Company,which operatedthe plant until 1903.

In 1876, engineerscut a channelthroughthe peninsula'stip which
linked San LeandroBay with the main bay, and Alamedabecame an
island. Dredgingwas done to deepen the canal, and in 1902 the Tidal
Canal was opened. At this time, 20-muleteams hauled raw borax out of
Death Valley for transshipmentto Alameda'sPacificCoast Borax Works.
This four-storyplant was locatedat the present site of the aircraft
engine overhaulbuilding.

In 1911, foreshadowingthe future of the site, an adventurousyoung
aviatornamed Weldon Cooke,as part of the entertainmentfor President
WilliamH. Taft on his ColumbusDay visit to Oakland,took off from
the sands of Alameda (the presentsite of the station)and flew three
times around Lake Merrittbefore landing. In May 1927, shortlyafter
the Atlanticflight of CharlesLindbergh,the City of Alamedaestab-
lished an airporton the site consistingof an administrationbuilding
and three hangars,with Curtiss-Wrightthe major tenant. The airfield
consistedof one narrow east-westrunway. To the southwestof the
airfield,the cityestablished a yacht harbor. In 1935, Pant_merican
Airwaystook over the yacht harbor as the easternterminusof trans-
Pacificflights.

On 2 December 1930, the United States Army acquiredthe site from the
city. The Army named the lO0-acresite Benton Field and, on 3 April
1931, CaptainLeanderLarson took charge of the constructionwork.
The army drilled and tested a 12-inchwell. Both the Army well and
the Pan American well, wlnichhad been sunk in the vicinityof Build-
ings 26 and 52, were eventuallyshut down due to naturalmercurycon-
tamination.

On 7 October 1936, the Navy acquiredthe title to the 1,075-acresite,
togetherwith the 929.34 acres (above and below water) which comprised
the Alameda Airport. On 10 February1938, CommanderE.C. Seibert,
(CEC) USN, arrivedto assumehis duties as Officerin Charge of Con-
struction. More land was necessaryand dredgingwas done, during
which a dredge crew discoveredthe old trestlepier and ferry slip
built about 75 years before. The wreckage,which includedpile stubs,
iron railings,locomotivewheels,couplinglinks, and a pile of
sandstonecobbles (evidentlydiscardedsailing-shipballast),was
removed.

On 15 March 1940, the first two permanentcivil serviceemployees
arrivedat the stationand, on I November1940, the stationwas offi-
cially commissioned. The ceremonywas brief and informal. Rear

5-7 "



AdmiralA.J. Hepburn, Commandantof the Twelfth Naval District;mem-
bers of his staff; all officers attachedto the station;officialsof

the cities of Alameda, Oakland, and San Francisco;and representatives
of the newspapersof these cities gathered beforethe administration
building. The Commandant read his orders as the ceremonybegan at
1015. He turned the station over to CaptainMcCrary,who read his
orders, and then directed the ExecutiveOfficerto set the watch.
There were approximately390 marines and sailorson board. The first
squadronof planes to arrive,which flew in from Seattleon 3 January
1941, was commanded by LieutenantCommanderW.L. Erdman.

On 7 December 1941, the Japanese struck at Pearl Harbor and the sta-
tion immediatelywent on a war-time basis. To meet the needs of the
fighting forces, additionalland was acquiredand larger buildings
were added to the still unfinishedoriginalplant. The military and
civilian populationincreasedalong with stationexpansion. NAS
Alamedabecame the "aviationgateway to the Pacific,"funnelingmen
and suppliesto overseas destinations. It was at NAS Alamedathat
General Jimmy Doolittleand his B-25 bomberswere taken aboard the USS
Hornet, later to make the first U.S. attack on the Japanesehomelan'_T-.

Constructionof stationfacilitiescontinued at a rapid pace until the
end of World War II. The immediatepost-warperiod saw the major part
of the outlying activitiesand target areas disposedof and a general
retrenchmentin the main station. The Korean action,however,brought
about increasedactivity as well as extensiverevisionsto the runway
system, additionaloverhaul shops, and supply storagefacilities.
Naval Air Reserve Unit (NARU) became a tenant activityat NAS Alameda
when commissionedon i July 1961. On I April 1967, the former Over- :
haul and Repair (O&R) Departmentwas commissionedas a new activity :
under the title,Naval Air Rework Facility (NARF)Alameda.

NAS Alamedacontinued in its traditionof servicethroughoutthe
dramaticallyincreasedactivitiesof Vietnam and stands today as a
vital part of the Navy.

5.3 PHYSICALFEATURES.

5.3.1 Climatology. The prevailingwinds of the San FranciscoBay
Area are from a westerly direction. Recordsshow that winds of gale
force or greater have occurred only rarely in the area. Heavy fogs
occur on the average of 21 days per year. These fogs impairvisibil-
ity for navigation at Oakland an averageof less than 100 hours per
year. Freezingten_oeraturesrarely occur, and no snow or icing condi-
tions are encountered. Rainfall averagesapproximately20 inches
annually,generallyoccurringfrom Octoberto May.

5.3.2 Topography. The island of Alameda is characterizedby a low
topographicprofile,with surfaceelevationsvaryingfrom mean sea
level to approximately30 feet above mean sea level. The averageland
elevationis approximately20 feet. Formerly,the northernportionof
the islandwas tidelands,marshlands, and slough adjacentto the his-
torical San Antonio Channel, now known as the estuary. Much of what
is now NAS Alameda originallywas water. The station,locatedon the
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west side of the island,is rectangularin shape, a littleover two
miles in length,and one mile in width. It presentlyoccupies 2,570
acres of dry land,most of which was createdby filling. The terrain
is flat, averaging15 feet above sea level.

5.3.3 Geology and Soils. Alameda Islandwas formedby the natural
processof beachsanddeposits. This type of deposit, identifiedby
geologistsas "the Merrit Sand Formation,"is classifiedas a fine-
grained,well-sortedsand interspersedwith layersof clayey sand and
clay. In contrast,the former tidal flats of the estuaryand the bay
bottom surroundingAlamedaare made up of more recent geological
depositsof very fine materialsheld in suspensionin bay water and
gently deposited. These soils, known as "bay mud," are now largely
overlainwith man-made fills dredgedfrom the estuary,which are plas-
tic, unstable,and relativelyweak.

For the most part, NAS Alamedais built on land createdby placing
fill (most]ydredge fill) over marginal lands. The original swamp
area consistedof deep depositsof bay mud interspersedwith numerous
drainage channelsand sloughs. Additionalland was obtainedby fill-
ing in adjacenttidal areas of the bay. The fill came from many
places,includingmaterial dredgedfrom the estuaryduring construc-
tion of the Posey Tube in the 1920s. Most of the stationarea is
overlaidwith silty sand and sand fill six to eight feet thick which
ranges from moderatelyto poorly compacted. Beneaththe fill, soft
silt clay (bay mud) extendsto depths of 25 to 120 feet below the
existingground surface. The soil below the bay mud consistsof loose
to dense silty and clean sands and stiff to very stiff sandy clays.
The fill soils range from low to moderate in compressibility,while
the underlyingbay mud is high in compressibility.

The soils on the station are predominantlycoarse textured and have a
low water holdingcapacity. Exceptfor a small area on the west side
next to the San FranciscoBay, the soils are well drained. In the
poor drainage area, the soils are medium textured and are affectedby
moderate amountsof alkali and salts. The soil depth ranges from 20
to 60 inches. Over the coarse-texturedsand and bay mud lies an
importedfour- to six-inch layer that is loam in texture.

Depth to bedrockat the site is not known. A map publishedby the
United StatesGeologicalSurvey (1957) indicatesthat exploration
boringsmade in the vicinitypenetratedto depths of up to 354 feet
withoutencounteringbedrock. A boring approximatelyone mile north-
west of NAS Alamedaencounteredbedrock at an elevationof -433 feet
(mean lower low water datum). Bedrockat this locationwas described
as yellow shale. In boringsthat did not reach bedrock,the soils
consistedprimarilyof clays with interbeddedsandy and gravelly
layers.

There is no evidenceof any fault traversingthe site. However,the
site is locatedapproximatelysix miles west of the HaywardFault and
about 12.5 miles east of the San AndreasFault. These faults are
known to be active and have been the cause of major earthquakesin the
past. Destructiveearthquakeshave occurred in the San FranciscoBay
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Area in 1836, 1838, 1861, 1865, 1868, and 1906. Other less severebut
damagingearthquakeshave also occurred in the area.

5.3.4 Hydrology. There are no natural surface streamsor ponds on
NAS Alameda. Precipitationthat falls on the base either is evapo-
transpiredback into the atmosphere,runs off in the storm drain net-
work, or infiltratesto the water table. Soil investigationscon-
ducted at various locationson the base have shown that the ground-
water table occurs generallyat elevationsof four to eight feet above
the lower low tidal elevation. This elevation,greaterthan the aver-
age tidal elevation,is maintainedonly becausesome precipitation
infiltratesto the water table.

No water budget studieshave been conductedat NAS Alameda. However,
of the approximately20 inches of rainfallthat occur typically,
approximatelyfour inches of the total could be expected to infiltrate
into the soil and yield an average groundwaterunderflowrate to the
San FranciscoBay and the Oakland Inner Harbor channel at an average
rate of 15 gallons per day per foot of shoreline. However,for any
significantsegmentof shorelinethis rate may vary significantly
dependingon a variety of factors, includingprecipitation,drainage,
grading, and soil permeability.

Tidal effectson water table fluctuationare probablynot significant,
except within 25 to 50 feet of the shorelineor other water surfaces
connectedto the bay, such as floodedor leakingsewers. This is
demonstratedby the followingprocedure. The equationfor computing
groundwaterflow is V = Ki/n, where "V" is velocity,"K" is permeabil-
ity, "i" is hydraulicgradient,and Un" is porosity.Therefore,
assuminga permeabilityfor a good, clean sand of 10"_ centimeters
per second, a relativelysteep hydraulicgradient of 0.i, a typical
sand porosityof 20%, and a time period of six hours (the approximate
time intervalbetween high and low tide), the computedflow distance
of the tidal water is only 35 feet.

NAS Alameda is underlainby a thick aquitardsequenceof the bay mud
formation,which is a silty clay. The underlyingformationscontain
some sand units that have served as aquifers in the past. Two wells
into these lower units were shut down years ago becauseof water qual-
ity problems (high backgroundlevels of naturallyoccurringmercury).
At the presenttime, the groundwaterbeneathAlameda Island is not
used as a water supply,nor is it likely to be in the future. Fur-
thermore,accordingto the East Bay MunicipalUtilityDistrict
(EBMUD),no groundwateris used for water su@ply on Alameda Islandor
in Oakland.

5.3.5 MigrationPotential. Since NAS Alameda is part of an island,
all potentialsurfacewater and groundwatermigrationpathways lead to
essentiallyone place, the ocean, by way of the San Francisco.Bay and
the Oakland Inner Harborchannel. As discussedin Section5.3.4,the
averagegroundwaterflow into the bay is on the order of 15 gallons
per day per foot of shoreline. Contaminantsin the groundwatercould
be expectedto reach the bay waters at the same rate or less, depend-
ing on the attenuationcapabilitiesof the soil. Surfacewaters
on the base reach the bay waters either by way of the storm water run-
off system or sheet runoff and small rivuletchannels. Any contami-
nants dumped into these systemswill eventuallyreach the bay.
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5.4 BIOLOGICALFEATURES.

5.4.1 Fauna. The westernhalf of NAS Alameda,includingthe airfield
and the_fill area, is the most undevelopedarea of the base. The
NAS Alameda landfillarea is inhabitedby rats, field mice, and other
typicalrodent fauna. Jackrabbitsabound. Predatorycontrol is exer-
cised by a small feral cat population. A varietyof waterfowland
shorebirdsfeed and rest in the seaplanelagoon seasonally. The
shorebirdsutilizethe exposedrock and limitedmud areas, feedingon
worms, crustaceans,molluscs,and smallerfish. The tidal fluctua-
tions expose the margin of the lagoonregularly,creatinga diverse
environmentfor the sedentarylife of the shorelineand for the many
shorebirds. Table D-I in Appendix D provides a list of birds co,:,only
found on NAS Alameda. Aquaticorganismsare found in the bay waters
adjacentto the station. Invertebrateand fish speciesthat have been
identifiedat the stationare listed in Tables D-2 and D-3, respec-
tively, in AppendixD.

The characterof the importantfisheriesof San FranciscoBay (chinook
salmon,stripedbass, sturgeon,shad, Pacificherring,northern
anchovy,starry flounder,surfperch,elasmobranches,bay shrimp, and
bivalves)has changeddramaticallyover the past century. Many com-
mercial fisheriesthat were once importantto the Bay Area economy
have disappeared(e.g.,the river fisheryfor chinooksalmon and the
extensiveclam and oyster industries),and althoughother commercial
fisherieshave been revived in recent years (e.g.,herring,bay
shrimp),there has been an overallchange in emphasisfrom commercial
to recfeationalfishing. This has been largelydue to legislation
restrictingthe commercialharvestof anadromousspeciessuch as
salmon,stripedbass, and sturgeon.

Man-inducedchanges in the environmentare implicatedin the decline
of certain fisheryresources. Water storage and diversionprojects
have affectedthe distributionand abundanceof salmon and striped
bass, and land reclamationand domestic sewagepollutionessentially
eliminatedthe clam and oyster industries. Fishingpressurehas also
been linkedwith the decline of the bay shrimp and sturgeonfisheries.

San FranciscoBay contains large numbersof shellfishspecies, some of
which have known potentialcommercialand recreationalvalue, such as
the soft-shellclam, Japaneselittleneckclam, mussels, and the native
oyster. Althoughconsiderableprogresshas been made in improving
water qualityin the bay in recent years, shorelinewaters are appar-
ently not yet free enough of sewagecontaminationfor the State Public
Health Departmentto sanctionharvestingof bay shellfishfor consump-
tion.

Commercialherringfishingoccurs to the south of NAS Alameda in San
FranciscoBay, with sportsfishingfor leopardshark and halibut
occurringin the same vicinity,as shown on Figure 5-2. This area
also contains a flatfishnursery and a localizedconcentrationof
stripedbass. Recreationalfishingfor stripedbass, perch,top
smelt, jack smelt, and brown rockfishtakes place in the seaplane
lagoon at the public fishingdock. Sportsfishingfor stripedbass
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also occurs to the west of the landfill. Soft-shellclams and common
littleneckclams are found in the Oakland Inner Harbor,but are not
harvestedfor commercialpurposes. Sportsfishingfor perch, top
smelt, jack smelt, and brown rockfishoccurs off the piers located
along the harbor. An adult concentrationof Barrow'sgoldeneye is
locatedin this area, which is also used as an overwinteringarea.

The habitatof endangered,threatened,and rare speciestakes on spe-
cial significancebecauseof federal and Californiastate laws enacted
to protectthese species and their habitats. Both the United States
(EndangeredSpeciesAct of 1973) and the State of California(Cali-
fornia EndangeredSpeciesAct 1970) protectdesignatedendangeredfish
and wildlife,publishlists of these species,and give notice of the
statusof each species.

San FranciscoBay and its immediatesurroundingssupportcertainrare
and endangeredwildlifespecies,but no rare or endangeredfish spe-
cies. The speciesare listed in Table 5-I.

A complete list of speciesor subspeciesof Californiawildlifethat
have been declaredendangeredor rare by the CaliforniaFish and Game
Commission,or endangeredor threatenedby the Secretaryof the
Interior,is includedin AppendixD as Table D-4. The officialstate
of Californialistingof endangeredor rare wildlife is containedin
the CaliforniaAdministrativeCode, Title 14, Section670.5. The
officialfederaldesignationsof endangeredand rare speciesare pub-
lished in the FederalRegister.

The only known endangeredspeciesinhabitingNAS Alamedais the Cali-
fornia least tern. Due to the destructionof suitablenestinghabi-
tats and the subsequentdecrease in their population,the California
least tern (Sternaalbifronsbrowni)is consideredendangeredby both
state and fe_e--e_'_Igovernments. T_ receivesfull protectionunder the
EndangeredSpeciesAct of 1973. Each spring,the Californialeast
tern nests and raises its young on the coast of California.

Althoughleast tern colonieswere once abundantfrom MontereyCounty
to Baja California,the only nesting sites north of San Luis Obispo
County are now restrictedto the San FranciscoBay Area. Since at
least 1977, and perhapsfor a decade,NAS Alamedahas been the site of
the largestleast tern colony in the Bay Area and, thus, in northern
California. Although least tern breedingpopulationsmay fluctuateat
colony sites from year to year, NAS Alamedais the primary nesting
site in terms of both the number of breedingpairs and the stability
of the colony.

Californialeast terns nest at NAS Alamedaon a triangularpatch of
asphaltand dirt adjacentto an active aircrafttaxiway (see Figure
5-2). Located in the middle of the south end of the airfield,the
colony site has one active taxiway, Taxiway7, off the south side and
three accessroads for north, east, and west borders. Runway 31
passes near the southwestcorner behind the west road; continues
northwest,crossingeast and west of Runway 25/7; and ends at the
mouth of the estuary. The substrateof the site is composedof intact
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Table 5-1

RARE AND ENOANGEREDWILDLIFE SPECIES OF
SAN FRANCISCO BAY AND VICINITY

Common Name Scientific Name Federal 4 State*

Amphibians

San Francisco Themnophis sirtaJis E E
garter snake tetrataenia

Birds

CaJifornia least Sterna aJbifrons £ E
tern

CaJifornim cJapper RaJ]ue ]ongirostris £ E
rail _tus

California black tstersJlus jmmaicenais R

raij coturnicuJus

Southem ba)d aagJe HeJiaeetus |eucocephaJus [ E
_euco_epnaJus

American pe1_grine FaJco peregrinue anetum E E
falcon

California broxn PeIecsnus occidentalis E [
pelican celifornicus

Mmma)s

SaJt marsh harvest Reithrodontomys E E
mouse ra_iventtis

*E: £ndangared
R: Rare

Source: United States Fish and WildJife Se:gice and California

Department of Fish and Game, 1979, Protection mnd Restoration
of San Francisco Bay Fish end Wildlife Habitat,

V
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asphaltpavementor pebblesfrom decomposedasphaltpavement,sand,
and some dirt. Vegetationis sparse,consistingof scatteredclumps
of ice plant and plantain.

A nesting area of Californiaclapperrails, also a state and federally
endangeredspecies,is locatedto the southeastof NAS Alamedaborder-
ing the San FranciscoBay, as shown on Figure 5-2.

Locatedto the southeastof NAS Alamedaat the west end of the Robert
Crown Memorial State Beach is Crab Cove, a state-protectedmarine
reserve. Crab Cove is one of 13 areas in the state of California
which has marine protection. All invertebratesin this area are pro-
tected from com(nercialand sports fishing. The land is owned by the
state and leasedto the East Bay RegionalPark District,which admin-
isters it. In 1980, Crab Cove was designateda marine reserveby the
CaliforniaState Departmentof Fish and Game at the requestof the
East Bay Regional Park District,which was concernedwith the growing
declineof estuarinespeciesin the area due to illegalharvestingand
sports fishingand wanted to create an educationalprogramfor the
public as well. The Crab Cove visitorcenter provides an area where
students and the generalpublic can come and learn about the protected
species.

5.4.2 Flora. NAS Alameda is almostentirelyman-made land, the
majorit_which is either paved or plantedin typicalurban fashion
with native and non-nativelawns, trees, shrubs,etc. Those portions
of the stationallowedto grow in a wild state are basicallylimited
to the landfillarea. The modifiedmarsh areas on the airfieldand at
the landfill,as shown on Figure 5-2, are designatedas existing and
potentialwildlifehabitat by the United StatesFish and Wildlife :
Serviceand the CaliforniaDepartmentof Fish and Game. There are no
known endangered,rare, or threatenedplant speciesinhabitingNAS
Alameda. A complete list of federallyendangeredand threatenedand
Californiastate rare and endangeredplant speciesof the Pacific
Coast is included in AppendixD as Table D-5. A complete inventoryof
the various grasses,shrubs,and other groundcover has not been
undertakento date, and it was beyond the scope of this study to con-
duct such a survey.

5.5 ADJACENT LAND USE. Land use in the vicinityof NAS Alamedais
primarilyresidentialand military,as shown on Figure 5-3. The base
is borderedto the north by the Oakland Inner Harbor,north of which
is the main site of the Naval Supply Center-Oakland(NSCO),occupying
541 acres in AlamedaCounty. Locatedto the west and south of the
stationis the San FranciscoBay. To the east is a mixtureof indus-
trial, residential,and public land uses. The Todd Shipyardsare
locatedimmediatelyadjacentto the northeastcorner of the base. The
Naval Supply Center Oakland-AlamedaFacility (NSCO-AF)occupies107
acres immediatelyto the east of the Todd Shipyards. The Naval Supply
Center Oakland-AlamedaAnnex (NSCO-AA)occupies81 acres and is lo-
cated to the east of NAS Alamedaand the southernboundaryof NSCO-AF.
The Collegeof AlamedaPeraltaJunior CollegeDistrict lies on the
easternboundaryof NSCO-AF. The remainingland use to the east of
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NAS Alameda is residential,with scatteredcommercialestablishments
such as restaurantsand retail stores. There are a number of schools

locatedin this residentialarea, includingWoodstockSchool,Chipman
School,LongfellowSchool,WilliamG. Paden School,and EncinalHigh
School,which bordersdirectlyon the southeasternedge of the sta-
tion. Locatedto the east of EncinalHigh School is the Robert Crown
MemorialState Beach. The state-protectedmarine reserve,Crab Cove,
is locatedat the west end of this beach.

Possiblesourcesof externalenvironmentalcontaminationfrom adjacent
areas would includethe Todd Shipyardsand the industriesalong the
Oakland Inner Harbor. The Todd Shipyardsprovidetotal ship repair,
includingdry dock facilities. Hazardouswastes associatedwith a
shipyardmay be presenton this site. There have been no known inci-
dents of migrationof contaminantsfrom the shipyardto NAS Alameda.
The Oakland Inner Harbor could contain a varietyof hazardouswastes
due to the industrialactivitieslocatedalong its shores.

5.6 LEGAL ACTIONS. A review of past environmentallitigationbrought
againstNAS Alameda indicatestwo major areas of concern: the proper
treatmentand dischargeof industrialwastes, and compliancewith air
qualitystandards.

On 25 September1972, NAS Alamedawas served with a summonsand com-
plaint, Civil Action No. 427945,for violationof Section13243 of the
CaliforniaWater Code, which prohibitsthe dischargeof industrial
wastes other than to a communitysewer system. At that time, NAS
Alamedawas dischargingapproximately380,000gallonsper day of
industrialwastes from steam cleaning,degreasing,paint stripping,
metal plating,and photographicprocessingoperations. The wastes
were dischargedthrougheight storm drains to the San FranciscoBay by
way of the seaplane lagoonand the estuary, followingminor treatment
by oil and sludge separators.

The United States Navy proposed a projectat NAS Alamedafor pretreat-
ment and disposalof industrialwaste into the EBMUD sewer system as a
high priority item in July 1967. The projectwas submittedto Con-
gress in the fiscal year 1970 military constructionprogramand was
advertisedfor constructionin the fall of 1970. The bids received
exceededthe funds authorized,and it was necessaryfor the United
States Navy to resubmitthe projectfor Congressionalapprovalof
funds in the fiscalyear 1972 program. The contractwas awardedin
1972 and terminationof the industrialdischargewas accomplishedin
1975 in compliancewith the requirementsof CRWQCB, San FranciscoBay
Region.

The second area of conflictconcernsthe violationof air quality
standards. The jet engine test cells have been cited in the past on
many occasionsfor exceedingair emissionscriteria as set forth by
the Bay Area Air PollutionControlBoard. Modificationin the struc-
tures and test procedureshave been implemented.
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CHAPTER6. ACTIVITYFINDINGS

6.1 INTRODUCTION. The sectionsthat follow describethe purposeand
organizationof each activityat the station, its relationshipto the
other activities,and its past hazardousmaterialsmanagementprac-
tices. Since most of the pollutantsat NAS Alamedawere disposedof
either in the San FranciscoBay, the 1943-1956DisposalArea, or the
West Beach Landfill,Section6.6 ties the activityfindingsto the
final disposaloperations.

6.2 NAVAL AIR STATION (NAS) ALAMEDA. Activitiesconductedby NAS
Alamedawhich were of interestto the IAS team are discussedin the
followingsubsections.

6.2.1 Aircraft IntermediateMaintenanceDepartmentIAIMDI. The AIMD,
locatedin Building41, is responsiblefor the intermediaterepair of
aircraftcomponentsfor transientand tenant aircraft. The department
works primarilyon co_onents for the followingaircraft: A-7B, A-4F,
TA-aJ, CH-53D,SH-3D, and KA-3B. AIMD handlesapproximately1,300
specificand individualitems per month. The calibrationlaboratory
processesanother400 items a month. Specialtiesincludethe repair
of componentsfrom all relatedaircraftsubsystems,such as hydrau-
lics, brakes,avionics (aviationelectronics),engines,electrical
wiring, instrumentationand calibrationof test equipment,etc.

The estimatedwaste load quantitieslisted in Table 6-1 are represen-
tative accordingto AIMD personnelinterviewedwho have worked for the
departmentsince 1969. AIMD personnelindicatedthat, as f_r back as
they could recall,wastes have been containerizedand removedfrom
Building41 as hazardouswaste.

AIMD personnelalso told the IAS team that, as recently as 1981, more
than 100 barrelscontainingwastes were "stored"on the asphaltpave-
ment on the west side of Building41. Most, though not all, of these
wastes had been generatedby AIMD. Duringthe past year, the contents
of all but 19 of the drums and one bowser had been identifiedand
removedby PublicWorks personnel. Prior to 1982, the NAS Alameda
Supply Departmentwas responsiblefor hazardouswaste disposal. Waste
samplesfrom the remainingdrums and bowser are currentlybeing anal-
yzed by the NARF laboratoryto determinechemicalcompositionand,
based on this, the appropriatedisposalmethod. AIMD personnelwere
not aware of any spillsthat may have occurredthere.

The AIMD paint strippingtank is locatedjust outsideBuilding41. It
is small (threefeet by five feet by one foot) and is used only for
strippingsmall parts. After soaking,the parts are rinsed off with
water, which then flows into a sewer manhole. The manhole is linked
to the sewage system,throughwhich the rinse water would flow to the
East Bay MunicipalUtility District(EBMUD)system.

6.2.2 Air Operations. NAS Alamedais homeportto eight NARU and
Marine Air Group'£MAG)squadrons. The primaryfunctionof NAS Alameda
is to providesupportand facilitiesfor the trainingof pilots and

_" crew of assignedreserveunits. Trainingmaneuversperformedby the
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REPRESENTATIVEESTIHATEDWASTELOAD0UANTITIE5 FORAIHD ACTIVITIES

Approximate Annual
Wute CheLtcxl Quxmtity (91]lons)

PD 680 dry clexner 1,100

Tr ichl orotrif_ uoroethm_e sol vent _00

608_ o_1 from NKjnmf3ux testing machine }00

Trich] orcmthlme xol vent (triehl oroethy] ene 10
prior to 1978)

Plint _aetes (including methyl tthyl 110

ketone thinner) V

HIL-R-81294 cxustic pxtnt stripper 110

U_d hydraulic fluid 550

Magnaf_ux Zyglo dye penetrant 55

Source: Interviews with AI_ per=onnel.

V
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pilots includetouch-and-golandingsto economizefuel and time in
developingtakeoffand landingskills,as well as Field Carrier Land-
ing Practice(FCLP)to simulate landingconditionson board aircraft
carriers. As one of two deploymentpoints on the West Coast for air-
craft carriers and host for NARF, NAS Alamedaaccommodatesa signifi-
cant number of transientaircraftin additionto its own squadrons.

The air operationsofficemanages a Navy Class "C" airfieldat NAS
Alameda. This is a completeairfieldcapableof handling any aircraft
that the Navy operatesunder IFR or VFR conditions,with standard
precisioninstrumentapproachconditionsof 200-footceilingand one-
half-milevisibility.

A number of types of aircraftare based at, or operateout of, NAS
Alameda. These aircraftare designatedas: A, attack;F, fighter; C,
cargo; T, trainer;H, helicopter;P, patrol; S, search;U, utility;
and O, observation. All have differentflight characteristicsand
capabilities. The A-7 accountsfor 22% of the operationsof any air-
craft type. The A-3 and A-4 represent15% of the operations. The c-g
accountsfor 9%, helicopteroperations16%, and the Aero Club 21%,
leavinga balanceof 17% for miscellaneousmilitary aircraftopera-
tions. Just prior to an aircraftcarrier deployment(approximately
four times a year), there is a significantincreasein air operations
at NAS Alamedafrom arrivingaircraftsquadronsand FCLP training. In
addition,the reserveshave two periodsof intensiveFCLP training
each year.

V The air stationhas two bisectingairstripswhich create four runway
operationaldirections. Runway 13/31 (alignednorthwest-southeast)is
8,000 feet long. Runway 7/25 (alignedeast-west)is 7,200 feet long.
Both runways are 200 feet wide. All runway operationaldirections,
except for Runway 7, are served by Ground ControlApproach (GCA)
radar, and all four are equippedwith arrestinggear.

Air operationsat NAS Alamedahave generatedvaryingamountsof con-
taminants. In the 1940s, as many as 1,500 planes,includingsea-
planes,were based at NAS Alameda. Then, as now, contaminantsasso-
ciated with air operationsincludedfuel spills,fuel dumps prior to
emergencylandings,and occasionalcrashes.

6.2.3 WeaponsDepartment. The Weapons Department,locatedin Build-
ing 102, is responsiblefor receiving,issuing,storing,and trans-
shipingammunition,ammunitioncomponents,and explosivesauthorized
to the stationfor fleet commands and tenant activities. The depart-
ment also operatesthe small arms firing range and salutingbattery,
and coordinatesordnancedisposalwith the ExplosiveOrdnanceDisposal
(EOD) Detachment. The departmentmust comply with establishedcri-
teria for the safe handlingof ordnance. These criteriaare delin-
eated in the Naval Sea SystemsCommandOP-5 Manual,Volume I, Fourth
Revision,"Ammunitionand ExplosivesAshore."

6.2.4 Navy Exchange: ServiceStations. The Navy Exchangeoperates
two servicesta=ions at'NASAlameda,'one on the base locatedin
Building459, which is 20 years old, and an on-baseannex station,
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accessiblefrom off base, located in Building 547, which is eight
years old.

In 1982 it was discoveredthat the fuel lines in Building459 leading
from the undergroundgasoline storagetanks to the gas pumps were
leaking. The lines were dug up and replaced,thus eliminatingthe
source of the problem. However,personnelpresentduring excavation
noted that the soil appearedto have been contaminatedand that a
visible oil sheen had accumulatedon standingwater in the trenches.
Based on this, it is likelythat the shallow groundwaterbeneaththe
Building 459 station is contaminatedto some extent. No other leakage
has been reportedduring the 20-yearhistoryof the station.

Three years ago an undergroundgasoline storagetank ruptured at the
Building547 stationwhen a measuringdip stick was droppedonto the
tank's unprotectedfiberglassbottom. However,because the tank is
locatedbelow the water table (as are all tanks at both stations),no
gasolinewas spilled. When a ruptured tank is locatedbelow the water
table, water will leak in insteadof gasoline leakingout of the tank.
In fact, the problem at Building547 first became apparentwhen cus-
tomers discoveredthey were pumpingwater into their automobilefuel
tanks insteadof gasoline. No other problems have been reporteddur-
ing the eight-yearhistory of the station.

Waste oils at both stations are stored in an undergroundtank and are
pumped out on an as-neededbasis by a local contractor. Oily rags are
launderedand reused.

Prior to 1961, the Navy Exchange operated a service station9n the . w
site now occupied by Building 162. No one could be found who had any
personalrecollectionof this servicestationor of any associated
problems. However,even if leakagehad occurred there in the past, it
almost certainlywould now be obscured by the more recentmassive
(365,000gallons) AVGAS losses from the Area 97 storagefacility
locatedadjacentto Building 162.

6.2.5 Supply Department. The NAS Alameda Supply Departmenthas a
number of duties in addition to receiving,storing, and distributing
the materialsused and needed by the station. Its function and tasks
include:

1. Providinglogistic supply supportto NAS Alameda; Fallon,
Nevada;NAURUAlameda; locallybased,fleet activities;
assignedvessels; and other assignedtenants and commands.

2. Providingdockside services,includingaircraftloadingand
offloadingfor ships assignedto the CommanderNaval Air
Force, U.S. PacificFleet (COMNAVAIRPAC),and other ships as
required.

3. Providinga generalmess for stationdepartments,tenants,
comands, and fleet units based or homeportedat NAS Alameda.

4. Providinga serviceas the West Coast seaboardterminalfor
loadingAir Force/Armyaircrafton aircraftcarrierson the V
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MilitarySealiftCommand and commercialvesselsunder inter-
servicesupportagreementwith those services.

5. Providinga serviceas a fueling supportfor station,tenant
and transientaircraft,ships, and vehicles.

6. Providinga reportingstock for certainordnance and ammuni-
tion and a consumerstock point for generaluse items.

The fueling supportservicehas been a continualsourceof contamina-
tion since 1941, when AVGAS supply lines near the hangersrupturedand
caused the evacuationof severalbuildings. Severaldays' pumping
were requiredbefore the area was safe enough to resume operations.

Area 97 containsfive below-groundfuel storagetanks, each 100,000
gallons in capacity (see Figure 6-1). Tanks A, B, C, and D, con-
structedin 1943, are concretetanks lined with carboline. Tank E,
constructedin 1962, is made of steel. All five tanks were used
exclusivelyfor the storageof 115/145AVGAS. In 1975 it was dis-
coveredthat Tanks A, C, and D were leaking and, in Octoberof that
year, they were drained,cleaned, and filled with water. In 1978,
Tank B was determinedto be leaking;this tank and Tank E (thoughnot
reportedleaking)were drainedand filledwith water. Tanks B and E,
however,were not cleaned, and one to two inches of AVGAS remained on
their water surfaces. The MCON P-Ig2 projectproposesto remove the
abandonedtanks and vent the utilitylines subjectto build-upof fuel
vapor; however,the projecthas not been funded.

Based on tank inventories,Supply Fuels Branch personnelestimated
that 365,000gallonsof AVGAS may have escapedfrom Area 97 in the
1960s and early lgT0s. The leakingfuel has caused (and continuesto
cause) gasoline vapor problems in both sewer and electricalmanholes
in the vicinityof Area 97. In 1977, an electricalcontractorworking
in a nearby electricalmanholegenerateda spark which resultedin an
explosionand fire; the contractorwas severelyinjured. More
recently,high gasolinevapor readingshave forced severalevacuations
of the credit union in Building527, locatedimmediatelyto the north
of Area 97.

In 1979, the Navy retainedthe servicesof the consultingfirm Kennedy
Engineeringto determinethe extent of the problemand to develop
alternativeremedialmeasures. Kennedy Engineeringinstalled18 mon-
itoringwells (see Figure6-2) and collectedcontinuoussoil samples
for gasolineanalysisin each bore hole. The consultantdid not find
pooled fuel in any of the study areas. However,a pellicularfuel
residue (adheringas a film to the surfaceof soil particles)was
found above the water table. The consultantconcludedthat the bulk
of the fuel spilledfrom Area 97 had drained away, probablythrough
infiltrationinto storm sewers and sanitarysewers,particularlythose
sewerswhich run along AtlanticAvenue immediatelysouth of Area 97.
Pellicularfuel residues,as well as small residualsof fuel trapped
in the sewers and electricalducts, continueto cause fuel vapor prob-
lems. Based on the study results,the Navy has initiateda military

constructionprojectto vent the ducts and sewers and demolishthe
tanks. The projectis presentlyprogrammedfor 1985.
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Figure6-2 MONITORING WELL NETWORK INSTALLED AROUND FUEL STORAGE
AREA 97 (SITE 4) IN 1979, NASALAMEDA
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One unusual aspect of the situationnot addressedby Kennedy Engineer-
ing relatesto the distributionof the pellicularfuel residue.
Accordingto the consultant'sdata, this residuewas found as far
north as samplinglocationOW-3 (Figure6-2), 500 feet from the tanks,
suggestingthat gasoline had moved to the north or northwest. It is
importantto note that, if gasoline has moved (as it apparentlyhas)
along a path contaminatingsoils and groundwaterat OW-I, 0W-16,
OW-14, and OW-13, and that the groundwaterflow path probablycurves
toward the San FranciscoBay and seaplane lagoon (to the west) as it
moves farther from Area 97, it is possiblethat the contaminantpath-
way passes between samplingwells 0W-12 and OW-8, which were re-
portedlygasoline-free.

The report alsomay have significantlyun(erestimatedgroundwater
movement velocity. A permeabilityof 10"_ centimetersper second
was assigned as an averagepermeabilityand used to computeveloci-
ties. However,the report characterizesmany of the sedimentsas
"looseclean sands," and the geologic logs supportthis. Since most
of the groundwaterflow will occur through these more permeablemate-
rials, a higher permeabilityshould be assigned. Assuming a porosity
of 20% (tyl_icalfor sands) and a permeabilityon the order of I0-L
centimetersper second (which is within the range of permeabilities
for "loose clean sands"),the calculatedvelocity range may well be
0.2 to 1.0 feet per day, not 0.02 to 0.1 feet per day.

Clarificationof this flow velocity is significant. Assuming that
gasolinehas been leakingfrom Area 97 for the past 15 years, ground-
water contaminatedwith gasoline and moving at 1.0 feet per day would
have the potentialof moving more than a mile (see Figure 6-3).
Therefore,under wOrst-caseconditionsit is possiblethat the entire
flow path from Area 97 to the seaplane lagoon or even the Oakland
Inner Harbor is contaminatedwith gasoline.

6.2.6 Pest Control Program. Prior to 1974, pest and weed control at
NAS Alamedawas a functlonof the station'sPublic Works Department.
Applicationequipment (hand sprayersand a truck sprayer)and suffi-
cient short-termchemical supplieswere stored in Building 114. After
use, equipmentwas rinsed off in the Building 114 yard with water
which drained into the storm sewer system and ultimatelyinto the sea-
plane lagoon. Drains presentlyconnectwith the industrialwastewater
collectionsystem. Empty pesticidecontainerswere disposedof in the
landfillsuntil 1974, when the Public Works Departmentceased opera-
tions. After 1974, all functionsof the NAS AlamedaPublic Works
Departmentwere shiftedto the OaklandNaval Supply Center's Public
Works Center. However,this has had no importanteffect on pesticide
operations,since essentiallythe same personnelare involved using
the same equipmentand the same facility (Building114).

Currentuse of pesticidesincludesthe herbicidesRoundup,Princep,
and Krovar I for weed controlon streets, sidewalks,and around the
runway and taxiway lights;the insecticidesMalathionand Diazinonfor
fly control around dumpsters in focd handling areas; and the rodenti-
cide Warfarin for rat control at the landfills, in the past, the
insecticideschlordane, lindane,and DDT, as well as the herbicides
Telvar, Chlorvar,and 2,4-D,have also been used. Of these, DDT is
the only one presentlybanned for use in the United States (bannedon
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January i, 1973). Table 6-2 gives toxicologicalinformationfor each
of the pesticides listed above.

Personnelpresentlyemployed at NAS Alamedawho worked on the pesti- V
cide controlprograms go back as far as 1961. No one recalls any
significantspills or personnelhealth problemsduring that time. No
one interviewedassociatedwith the Public Works pesticideprogram
would supportthe allegeduse of PCBs for weed control.

6.3 NAVAL AIR REWORK FACILITY (NARF)ALAMEDA. NARF is the largest
tenant at NAS Alameda, employingnearly 5,000 civiliansand occupying
all or part of 28 buildings (Figure6-4). The primaryfunctionof
NARF is the maintenanceand reworkingof aircraftunder the commandof
the U.S. Pacific Fleet. Presently,the aircraftthat receivemainte-

• nance at NARF Alameda are the S-3 Viking, the P-3 Orion, the A-6
Intruder,the A-3 Sky Warrior, anti-submarinewarfare aircraft,and
the C-118.

NARF Alamedawas created in 1967 from similar aircraftmaintenance
operationsthat began at the stationin 1941. Initially,under the
authorityof the Assembly and Repair Department,the first aircraft
maintenanceactivitiesat the stationwere limitedto the repair and
rework of fabric and wood-frameaircraft. From 1948 to 1967, as air-
craft maintenanceoperations at the station increasedin scope and
complexity,rework effortswere managed by the Overhaul and Repair
(O&R) Department.

Presently,NARF Alameda activitiesare divided among the following
seven administrativedepartments: AdministrativeServices,_Manage- _
meritControls,NAVAIR EngineeringSupport Office,Quality and Reli-
ability Assurance,Flight Check, ProductionPlanningand Control,
ProductionEngineering,and Production.

The Production Departmentcarries out all NARFindustrial activities
and is thus its major source of industrialwastes. Most of these
wastes,both sewerableand non-sewerable,are generatedfrom six com-
mon processes: electroplating,paint stripping,chroming,painting,
cleaning, and engine testing. Althoughthe NARF ProductionDepartment
processes are housed in more than a dozen buildingsat NAS Alameda,
most of its industrialwaste-generatingprocesses are housed in Build-
ings 5, 360, and 410.

Also of interestto this survey were the industrialwaste-generating
practicesemployed by the Missile Rework Divisionwhile it occupied
Building400, prior to 1972. At that time, the MissileRework Divi-
sion shops were moved to the newly constructedBuilding530. Finally,
other industrialwastes were commonly generatedthroughoutNARF
Alameda productionfacilitiesas a result of routine operations,plant
maintenance,spillage and breakage,and tool and instrumentdisposal.

From 1943 until 1972, and to some degree until 1975, all industrial
wastewater generatedby NARF activitieswas dischargeduntreatedinto
the San FranciscoBay via the industrialwaste collectionsystem,
which emptied into the seaplane lagoon and the estuary. The bulk of
the dischargewas into the seaplane lagoon. Four dischargeswith an V
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Tabl• 6-2

PEaTICIDC5HISTORICALLYUSEDAT N/k5ALAMEDA*

Pesticide Action LDso (mg/kg) -Rat Cowments

i

Chlordane Stomach and €ontact _67 to 515
insecticide

Chlorvar Nonselective weed and 1,200 Highly corrosive and reactive;
grass kLlJer no ]anger aanufactured

2,_,-0 Selective herbicide _00 to 1,200

DOT Insecticide 11_ Banned in United States since
3anumry 1, 197_

DiazinorP* Insecticide, nemsticide _00 to _00

Krovsr I a'_ Broad spectrum of _,400
weed control

88 to 1Z5 So--hat volatile; strong
Lindene Insecticide central nervous system

stimulant ; can cause con-
v_ eione

Ha] athione* Insecticide 1, OOO

Princep** SeJactive herbicide >15, _80

Roundup4H_ Pbrbicide A,)O0

Warfarin** Rodenticide (anti-
coagul ant)

*Peaticxde inforamtion taken f'roo Irlrm, Chemicals Hanobook 1981, published by Fmt'mChemicals
imgazine.

**Pesticides premmtly used st NA5 Alameda.
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averageflow of 150,000gallons a day emptiedthe NARF wastes into the
- seaplanelagoon. Other NARF dischargepoints includedthe estuaryand

the pier area. Additionally,the storm sewers also carriedwastewater
from cross connections,direct dumpings,or spills.

6.3.1 Building5. Shops operatingin Building5 (B-5),constructed
in 1942, are primarilythose of the Metal and ProcessDivision. Oper-
ations includethe cleaning,reworking,and manufacturingof metal
parts;tool maintenance;welding;paint strippingand conversioncoat-
ing; and platingand painting. In the B-5 Annex (B-5A),the Aircraft
Rework Branchconductscomponentremoval, structuralrework,instru-
ment testing,and aircraftpaintingfor the P-3 and C-118 aircraft.
Of these activities,major industrialwaste generatorsin B-5 and B-SA
are the plating,painting,paint strippingand conversioncoating, and
cleaning operations. Figure 6-5 identifiesthe major sewerableand
non-sewerablewastes resultingfrom these operations.

6.3.1.1 B-5 PlatingShop. Platingoperationsat B-5 includedegreas-
ing; causticana ac]a etching;metal strippingand cleaning;and
chrome,nickel,silver,cadmium, and copper plating. Wastes generated
from these processesconsistof rinse tank wastewater,concentrated
platingbath dumps, platingtank sludges,causticcleaners,and cya-
nide stripperbath dumps.

The shop is dividedinto two areas to separatethe cyanideand chrom-
ium processes. Since 1975, wastewatersfrom the chromiumprocesshave
been dischargedat an averagerate of 19,200 gallonsper day to the
B-5 industrialwaste treatmentfacility (IWTF)prior to enteringthe
main industrialsewer system. This generationrate is indicativeof
the waste amountsgeneratedsince 1942. Wastewatersfrom the cyanide
process are directlydischargedto the industrialsewer system at a
rate of approximately14,400 gallonsper day. Table 6-3 presents B-5
platingwastewatercharacteristicsas measuredby a 1981 study.

Not all of the stripping,cleaning,and platingbaths are dumped. In
the past, during times of heavy production,some of the baths have
been dumped betweenone and four times a year. Since 1970, baths at
the B-5 platingshop have been pumped to containersfor collectionand
off-basedisposal by contractors. Beforethat time, bath dumps
resultedin directdischargesto the industrialwaste collectionsys-
tem. Until tightercontrolswere placed on their disposal in the
1970s,platingtank sludgeswere collectedand disposedof at the West
Beach Landfill. Duringthe 33 years from 1942 to 1975, at least
18,000tons of waste were generatedby this shop.

Tank overflows particularlyfrom chrome platingtanks, occur regu-
larly in the p_atingshop. Throughthe late 1970s, such spills
entereddrains in the work area and dischargedto the industrialwaste
collectionsystemuntreated. Presently,the spills are diverted to a
holdingtank and either treatedand dischargedto the industrial
wastewatersystem,or hauled off base.

6.3.1.2 B-5 Paint Stripping. Paint strippingand conversioncoating
of airframeparts is conductedin B-348, a cleaningshelterlocated
adjacentto B-5. Whole aircraftthat have alreadybeen totallyor
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Table 6-3

BUILDING5 PLATINGSHOPWASTECHARACTERISTICS

Combined Combined
Parameter ChromiumRinse* Cyanide Rinsee

Cyanide O.78 2•6

Szlvor O.01 0.01

Cadmium 0.44 0.95

_hromium (total) 3.7 0.74

Chromium (Vl) 3.5 0.38

Co€war O.22 0•3Z

Iron 0.16 0.15

Nickel 0.28 0.18

Leld 0.04 0.01

Zinc 0.07_ 0.30

pH (std. units) 7.5 8.A

Suspendedmolids 1.0 5.0

Total solids 80.0 110.0

Conductivity (umhoa/cm) 86.0 220.0

CO0 1Z.0 3.2

Surfactants (MBAS) 60.0 0.28

Flow (1,000 gpd) 19.2 14.6

• All concentrations "R/L, unlearn otherwise noted.

Source: Post, Bucklay, Schuh, md 3etnigan, Znc., 1981, NARFIndustrial
Waste Su_va_f Almmda! California.
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partially stripped in B-410 are conversion coated in the adjacent " _
hanger. Paint strippingoperationsuse severalphenolic stripping F\
compoundsprimarily in a spray-on/rinse-offprocess that produces
large quantitiesof wastewater. While actual figures vary depending
on the size of the plane, each plane in general is painted with 35
gallons of paint (primer, base, and top coat) and requires 75 gallons
of paint stripper to be stripped. Ethyl acetate is used to hasten the
drying off process after the planes are washed with hot water follow-
ing application of the paint stripper. The wastewaters, which are
drained to the B-5 IWTF, are laden with stripper, paint skins, sol-
vents, and detergents. These wastewaters usually contain high levels
of phenol (4,000 ppm at times), methylene chloride, chromium, and oil
and grease. Typical characteristicsof the raw wastewaterdischarged
from the paint strippingoperations at B-5 are listed in Table 6-4.

Large paint skins do not wash down the drains. Those collectedon the
paint skin screen at the B-5 IWTF are presentlycollectedand removed
from the stationby contractorsfor disposaloff base. Prior to 1974,
paint skins were disposed of in the West Beach Landfill.

The conversioncoating process is an intermediatestep between paint (
stripping and painting. The conversion coat is a surface primer con-
taining chromate,activators,and some dissolvedaluminumand iron.
Conversioncoating results in a high pH aluminum-,chromium-,and
iron-ladenwastewater that is discharged to the B-5 IWTF. Table 6-5 _"
presents the results of analysesperformedduring a 1981 survey on
conversioncoat wastewater samples.

A frequent problem associatedwith the operationsat the paint strip- :
ping and conversioncoating shops, as well as at the aircraftwashing
shop, has been the spillageof wastewatersoutside of industrialsewer
drain pads, resultingin raw wastewater dischargesto the storm sewer.

6.3.1.3 B-5 Cleanin9 Shop. The cleaning shop in B-5 engages in the
cleaning and paint strippingof parts in spray booths, and in sand-
blasting aircraft parts. Presently, trichloroethane is used to de-
grease parts. From the ig40s to the late ig7Os, solvents such as
carbon tetrachloride and 1,1,1-trichloroethylene were commonly used.
Cleaning solventsused in the cleaning shop are generallyreused.
However,accumulationsof spent or aged solventsrequirespecialhan-
dling and disposalmethods. Rinse water and paint strippingwaste-
waters dischargethrough a floor drain that connectsto the industrial
wastewatercollection system. Wastewaterflews measured in 1981 at
the shop floor drain were 25,000 gallons per day and were considered
to be slightly above normal, but much less than during peak opera-
tions. Table 6-6 representsthe results of grab sample analysesfor a
1981 study of cleaning shop discharges.

6.3.1.4 B-5 Paint Shops. There are two paint bays (east and west)
in B-5 for aircraf_'as well as several spray paint booths for parts.
The bays and booths are equippedwith downdraftventilationsystems
in which recirculatingwater is used to trap paint particlesand
solvents. Small amountsof this water are leaked to the industrial

wastecollection system. About four times ayear, the paint bay
recirculationsunl)is pumped to tank trucks for off-base disposal.
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Table 6-4

BUILDING 9 PAINT STRIPPING WASTECHARACTERISTICS

Punt Stripping
Pstmet et Water*

Cadmium 0.96

Chromium (total) 160.0

Chromium(VI) 0.72

Zinc O.1}

pH (ltd. units) 9._'

5uspondodsolids 160.0

Totalsolids 14,000.0

BOO .5,100.0

COO 9,100.0 " :

Phenol 1,600.0

Surf_tants (_AS) 3.0

_thylono chlotxde

011 ond gteose **

Flow (1,000 gpd) 11.7

*All concontrationo nR/L, unless othorwise noted.
**Ptement, but not quantZfiod.

' Source: Post, Buckley, Schuh, and 3otnigan, Inc.,
1981, NARFIndustrialWoste Survey! Alameda!
California.
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Table 6-5

BUILDING _ AIRCRAFT CONVERSIONCOAT
WASTECHARACTERISTICS

Conversion
• Parameter Coat Waste*

Chromium (total) 69.0

•Chromium (VI) 0._ |

Iron 2.0

pH (std. _its) 9.2 _.

Suspended solids 32.0

Total solids 2,000.0 ___
_m r

z

CO0 ],500.0

Sur factants 45.0

Flow (,1,000 gpd) 11.7

*All concentrations eg/L, unless otherwise noted.

Source: Post, Buckley, Schuh, and 3ernigsn, Inc.,
1981, NARF Industrial Waste Survey t
Alameda T _aixroFnza.

o

#
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Table 6-6

BUILDING5 CL£ANINGSHOPWASTECHARACTERISTICS

Shop Floor
_ltmmtet OrlLn*

Chromium(total) 18.0

_on 7.3

Sumpendedsolids 62.0

Conductiv.try (umhos/cm) 7.8

COD 1,_O.0

Phenol 230.0

_ir 0il end grease 68.0

Sut fsctints (HBAS) 8.0

FlOW (1,000 gpd) 25.9

*All €oncenttationx mg/L, unle_l otherwise noted.

Source: Post, Buckley, Schuh, and 3etnigsn,
Inc., 1981, NARF Industrial NlltO
Surve_t AlmOs t _lLlforflls.
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Table 6-7

BUILDING _ WESTPAINT BAY NAST[ CHARACTERISTICS

RecircuLaCed
PRrmeter _eter* "

Ch¢omium (total) 11.0

Igon 1.3

Lead 0.4 (

Zinc 2.5

S¢._pended solida 98.0 _"

COD B,O00.O

Phenol 290.0 ; .:

Flow (1,000 9pd) 5.0

*_1 concentteticms mg/L, unless otherwise noted.

Source: Poet, Buckley, Schuh, and 3ernigan, Inc.,
1981, NARF Industrial Wemte Survey,
Almedap Eaizfornla.
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The wastewaterfrom B-5 paint shops is contaminatedwith high levels
- of chromium,zinc, iron, COD, and phenol. Typicaldaily flows have

been approximately5,000 gallonsper day. Table 6-7 presentsthe
_ resultsof grab sample analysesperformedin 1981 on wastewaterfrom

the west paint bay.

6.3.1.5 B-5 MiscellaneousWastes. As with any industrialactivity,
B-5 operationsgeneratevariousnon-sewerablewastes, includingoil,
grease, spent solvents,old paints,paint sludges,detergents,and
discardedstrippingand cleaning agents. Until controlswere placed
on the disposalof hazardousindustrialwastes at NAS Alamedain the
late 1960s,these wasteswere disposedof at the West Beach Landfill.
Beforethat they were disposedof at the 1943-1956DisposalArea. For
the most part, quantitiesare unknown. Quantificationof the wastest

disposedof is difficult,since processesand the wastes generated
have changed,the degree of controlover non-sewerablewastes has
fluctuatedwith the NARF work load, and the work load itselfhas
varied dramaticallyin times of peace and war.

6.3.2 Buildin_360. Building360 (B-360),constructedin lg54,
houses most of the productionshops within the NARF AlamedaPower
Plant Division. These shops conductrework,maintenance,and testing
of both jet turbineand propelleraircraftengines. Major waste
sourcesin B-360 are the cleaning and blasting and plating and paint
shops. Figure 6-6 shows the major types of wastes resultingfrom
these operations.

6.3.2.i B-360 Platin9 Shop. Platingprocessesin B-360 includepaint
strippingby blastlng;chrome, lead, silver,and nickel stripping;
etching; and chrome,nickel, lead, tin, silver,and copper plating. :
As in B-5, the platingoperationsin B-360 are divided into two areas
to separatethe cyanide and chromium processes. Wastewatersfrom the
cyanideprocessare primarilycyanide-bearingrinse waters which enter
the industrialwaste collectionsystem at a rate of about 5,400 gal-
lons per day without treatment. Recent studies indicatethat waste-
waters from the cyanide processcontainsignificantlevelsof cyanide
(4 ppm), nickel (6 ppm), total solids (210ppm), and COD (330 ppm) at
pH levelsnear 8. Chromium-bearingwastewatersare dischargedto the
B-360 IWTF prior to enteringthe industrialwaste collectionsystem at
a rate of about 2,700 gallons per day. From 1954 to 1975, such wastes
were dischargeddirectlyto the lagoon. Chromiumwastewatersare
typicallyhigh in total chromium (40 ppm), total solids (300 ppm), and
pH (about9).

The B-360 platingshop acid area and cyanidearea each has a separate
sump. Some tanks are locatedover the wrong sump. Actionsare under-
way to completethe separationof acid and cyanidetanks in the B-360
platingshop.

Anothersource of industrialwaste at the B-360 plating shop is the
fume scrubber,which handles ventilationfrom all platingbaths.
Scrubberwater is not reused,but is presentlycollectedin contain-
ers and disposedof by contractorsoff base. Sand and grit used in
the removalof paint from aircraftparts at B-360 are also collected
and disposedof off base by contractors. From 1954 to 1978, the
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paint-ladengrit was disposedof in the West Beach Landfill,or along
the entire seawallof NAS Alameda. Some depositsare still visible.

_. Finally,tank overflowsand leakageshave been frequentproblems in
the platingshop. Dischargesof raw wastewatersto the storm sewers
have occurrednumeroustimes prior to 1975; these storm sewers dis-
charge to the seaplanelagoon.

6.3.2.2 B-360 Paintin_Shop. Small amountsof machineparts are
painted in four paint spray booths in B-360. As at B-5, paint spray
and solventvapors in B-360 are controlledwith a water curtainsystem
that filtersair exhaustedfrom the booths. The water is collectedin
a tank underneaththe booths and reused until contaminantlevels
become excessive. The water is then dischargedto 55-gallondrums and
disposedof off base. Paint skins are occasionallyskimmedfrom the
water tanks, put into containers,and disposedof off base. This
material went intothe landfillfrom 1954 to the lg7Os.

The paint shop at B-360 also operatestwo degreasers;the secondwas
added in 1974. The primarydegreasingagent currentlyin use is
1,1,1-trichloroethane.However,from the 1950s to the late 1970s,
more toxic trichloroethylene,and before it, highly toxic carbon
tetrachloride,were regularlye_loyed. Degreasingagents are gen-
erally reused;however,some enter the sewer system throughspillage

.. and parts rinsing.

Wastewatergenerationrates for the paintingand degreasingareas of
B-360 are highly variable. No recent wastewaterflow measurements
have been taken at these shops. The wastewatercharacteristics,
except for flow, are generallythe same as those presentedin Table
6-4 for B-5. Whereasspent or aged degreasingagents and paints,
paint sludges,and containersare presentlydisposedof off base, such
materialswere routinelyhauled to the West Beach Landfillduring its
operation.

6.3.2.3 B-360 Cleaning and Blastin_Shop. The B-360 cleaning and
blastingshop uses baths of phenolic-basecleaners,alkyline-type
cleaners,rust remover,descalingcompounds,and caustics in the
cleaningof metal parts. Wastewatersdischargedto the industrial
waste collectionsystemoriginatefrom parts rinsingoperationsat a
rate of approximately13,000 gallonsper day. Recentstudies indicate
that levels of metals, solvents,and grease in the cleaning shop

• wastewatersare low, probablydue to the use of large amountsof rinse
waters which dilute the contaminants. Table 6-8 presentsthe results
of wastewateranalysesperformedin 1981.

Non-seweredwastes from B-360 cleaningoperationsincludespent pro-
cess baths and spent solvents. At present, baths are dumped into
tanks and disposedof off base by contractors. Spent solventsare
recoveredto the greatestpossibleextent. From the 1950s to the late
ig6Os, however,baths were commonlydumped into the sewer system and
solventswere put into drums for disposalat the West Beach Landfill,
along with old containers.

_v
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Table 6-8

BUILOING }60 CLEANING 5HOP WASTECHARACTERISTICS

Rinee
Parameter Coeq_s*te t

Cadre*urn O.13

Chtam*m (total) 0.23

Co )pet O.1

Iron 0.67
i

Lead 0.07 I,

Zinc 1.10

pH (etd. unite) 10.60 _-

Suspended so12d8 19.00

Total solids 180.00 + /_

BOO 10.00 _

coo 7oo.oo

Phenol 21.00

Oil and grease 6.60

Sur factants (HBAS) O. 18

Hethy lena chlorxda 0.05

Chloro tom 0.001

...... Trichl_roethane . 0.001

Chlorine demand O.OS

Flow (1,000 gpd) 13.10 '

*All concentrat*ons ncj/L, unless otherw£se noted.

Source: Post, Buckley, Schuh, and Jern*Qan,
Inc., 1981, NARF Industrial Waste
Survey? Alameda, _al_fornxa.
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The blastingof metal parts to remove paint is performedat B-360 in
four small and four walk-in booths. These booths are used irregular-
ly, and waste grit from their operationsis containerizedand hauled

_v off base for disposal. Spent contaminatedgrit and sand were disposed
of at the West Beach Landfillor along the station'sseawallprior to
the mid-1970s.

6.3.3 Building410. The only major sourceof industrialwaste gen-
erated at B-410 is the aircraftpaint strippingoperation. Essen-
tially,all wastes generatedas a result of B-410 strippingoperations
are in the form of wastewaterladen with oil, paint, paint skins,
detergents,and stripper. The wastewatersare dischargedto the B-410
IWTF at a rate of about 16,000gallonsper day prior to dischargeto

• the industrialwastewatercollectionsystem.

Beforeconstructionof the IWTF at B-410 in 1973, all wastewaterfrom
paint strippingoperationswas dischargedto the industrialwastewater
collectionsystemwithouttreatment. As discussedin Section6.3.1
for Building5, the predominanttypes of paint strippersused by
NARF Alamedacontain large amountsof phenol,as well as methylene
chloride,chromium,and detergents. Althoughmethylenechloride is
toxic, its high volatilitytends to preclude its presence in large
quantitiesin wastewaterdischarges. Wipe-downsolventssuch as ethyl
acetateare also used in the B-410 aircraftpaint strippingoperation.
Table 6-9 presentsthe resultsof compositeanalysesperformedon
B-410 wastewaterin 1981. These resultsindicatehigh total solids,
BOD, COD, phenols,surfactants,and chromium in the paint stripping
operationswastewaterdischarges.

6.3.4 Buildings400 and 530. The MissileRework Branchof NARF
Alameda is housed in B-530 near the southernportionof the station.
Its relativelysmall operationsencompassthe completerework of
missiles and their charges, includingdisassen_ly,parts cleaning,
metal grinding,welding, fabrication,paint stripping,and painting.
At present,the handlingof sewerableand non-sewerablewastes is con-
sistentwith similaroperationsin Buildings5, 360, and 410. Consid-
ering the waste disposalmethods employedsince 1972, as well as the
small amountsof waste generatedat the building,B-530 operations
cannot be consideredsignificantcontributorsto problems associated
with past pollutingpracticeson the base.

Prior to ig7Z, missilerework operationswere performedin Building
400. The same waste disposalmethods employedthroughoutNARF at that
time were used. Althoughno accuraterecordsof waste quantitiesare
currentlyavailable,it can be assumedthat the followingtypes of
solid wastes were disposedof at the West Beach Landfill: paint
sludges;metal shavings;paint strippers;cleaningsolvents (tri-
chloroethyleneand carbon tetrachloride);testingfluids; and miscel-
laneouswaste oils and grease.

Industrialwastewatersgeneratedby missile rework operationsin
Building400 can be assumedto be similarin co_osition to the waste-
waters dischargedfrom similaroperationsin Buildings5, 360, and
410. All suchwastewaterswere dischargedto the industrialwaste
collectionfacilitywithouttreatment.

'i
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Table 6-9

BUILDING 410 PAINT STRIPPING WASTECHARACTERISTICS

Stripping
F_rmeter Waste*

Cadmium 0.09_

O_romium (total) 180.0

Chromium (VI) 0.81

ZAnc 4.4

pH (etd. units) 7.9 (

Suspended sol_.ds 190.0

Total =olAds 2,100.0 _-

8(30 . 5,200.0

CO0 74,000.0 _.Phenol 2,100.0

Oil and grease e.

_r fact ants 5 ]. 0

Methylene chloride 4.5

Chloroform 0.025

Tl"ichlo¢oethane 0.080

Plow (1,000 gpd) 16.6

*ALL concentratione _j/L, unleas otherwise noted.
**Present, but not quantAfied.

Souzce: Poet, Buckiey, SChuh, and SerniQan, Inc.,
1981, NARF Industrial Waste Survey_
Alame_a_ C_LL_roz'n_a.
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During the survey of long-timeNARF employees,little information
could be obtainedregardingspecialproblems at Building400, such as

_ major or regularspill events,or specialdisposalpracticesnot dis-
cussed above.

6.3.5 MiscellaneousNARF IndustrialWastes. As with any large indus-
trial operation,NARF generatesvarious amountsof common wastes such
as oil, grease,test solutions,and cleansers. However,certain
hazardouswastes also are or were commonlygeneratedby NARF opera-
tions. These includemercury, petroleumproducts,beryllium,TAC
rags, and asbestos,which have been generatedwhereverNARF aircraft
disassembly,rework,painting,and assemblyactivitieshave been con-

. ducted. Such wastes are describedbelow in terms of their sources,as
well as past and presentdisposalmethods. A discussionof the total
amount of wastes generatedat NARF Alamedais presentedin Section
6.3.6. These amountsare documentedwhere available. The following
sectionsincludespecificamountsbased on informationcollecteddur-
ing interviewswith NARF personnel.

6.3.5.1 MercuryWaste. Mercurywaste has been generatedfor over 30
years at NARF Alameda. Its primarysourcesare discardedor broken
manometers,fluorescentlight bulbs, and thermometers. In the 1960s,
NARF attemptedto reuse as much of its mercurywaste as possible
throughtriple distillation. However,the cleanupof spills,particu-
larly in the B-14 test shop, and the disposalof light bulbs continued
to generatemercurywaste. Until strictcontrolson the disposal of
mercurywere institutedat the base, many wastes were disposedof in
the West Beach Landfill. It is assumedthat occasionalmercury spills
were routinelywashed into the industrialwaste collectionsystem or
into the storm sewer system.

For four or five years, until 1973 or 1974, a "tube buster"was oper-
ated outsidethe southwestcorner of Building 5. NARF personnelesti-
mated that approximately1,300 eight-foot-longfluorescenttubes were
disposedof each week by shatteringthem into a 55-gallondrum using
the "tube buster." Approximatelyone drum was filled every two weeks.
Prior to 1968, the bulbs were disposedof in the West Beach Landfill.
After 1968, fluorescenttubes were disposedof off base by contrac-
tors.

There are 27 manometerson base, containingfrom five to 20 pounds
of mercury. The cleanupof spills from these and other mercury-
containingdevices has generatedmercury-contaminatedclothes,gloves,
and respirators,as well as "flowersof sulphur"used to absorb the
spilledmercury. On the average, approximatelyone 30-gallondrum of
contaminatedmaterialwas generatedeach month from 1943 to 1954.
Prior to 1954, this materialwas disposedof in the West Beach Land-
fill or the 1943-1956DisposalArea.

6.3.5.2 Waste PetroleumProducts. Waste petroleumproductshave been
segregatedand reclaimedon a full-scalebasis at NAS Alamedasince
1972. Quantitiesestimatedat 300,000gallonsof waste petroleum
productsare removed annuallyto storagetanks locatedthroughoutNARF
and then sold to reclaimers. For 30 years prior to this, however,
petroleumproductswere either dischargedthroughdrains to the storm

"i
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sewers, or buried in containersat the West Beach Landfill. In addi-
tion, fuel spills from aircraftwere routinelywashed into the storm

sewers.

6.3.5.3 TAC Rags. Rags containingPCBs (commonlycalled TAC rags)
were routinelyused in NARF paint strippingshops from the 1950s to
1972. The rags, along with PCB-contaminatedgloves and clothing,were
collectedin barrels and disposedof at the West Beach Landfillfor
years. Although no estimatescan be made of the total quantitiesof
such wastes generatedover the years, long-timeemployeeshave indi-
cated that the amounts were "significant." The fact that 16 people
developedchloracnefrom using TAC rags is an indicationof the preva-
lent use of these rags. It has been estimatedthat 1,400 of the 36-
inch by 36-inch rags containingfour grams of PCBs each were disposed

• of per week in the West Beach Landfillfor a period of at least 10 to
12 years.

6.3.5.4 Beryllium. Because of its tremendouscost, beryllium,a
metal used as a heat sink for aircraftbrakes,bomb bay door contact
strips,electrical panel bonding straps, and other aircraft parts, has

been routinelyrecycled in NARF shops. Long-timeemployees at NARF (
agree that beryllium wastes have been reused as much as possible.
However, in 1981, 100 pounds of these wastes were disposedof off
base, suggestingthat some berylliumwaste may once have been disposed
ofattheWestBeachLandfill. _"

6.3.5.5 Asbestos. Long-time NARF employeesreported that asbestos
was used ubiquitouslyfor many years, and until about 1980, tons of f_
asbestoswastes were generated annually. Presently, asbesto_wastes
generated at NARF are bagged and disposed of off base by contract
haulers. In the past, however, all asbestoswastes were disposedof
at the West Beach Landfill. An estimateof the total amount of asbes-
tos disposed of in the landfill is difficultto determine;one inter-
viewee estimatedthe amount at not less than 100 tons. It should be
noted that buried asbestoswhich remains covered and is not trans-
ported by groundwateris innocuous.

6.3.6 NARF IndustrialWaste Quantities. Becauseof the broad range
of industrialoperations necessaryto rework and maintain Navy air-
craft, large quantitiesof hazardouswastes are generatedby NARF
facilities. Table 6-10 gives approximateamountsof hazardouswastes
presentlygeneratedat NARF. The data presentedare drawn from sev-
eral referencesources documentingwaste generationquantitiesfor
differenttime periods and compiled for differentpurposes;thus,
these figures should be used only as an approximationof the actual
quantitiesgenerated at present and to infer probable quantitiesof
wastes generated in the past.

Accuratedistinctionsbetween the quantitiesof hazardouswaste dis-
posed of at the West Beach Landfillor the 1943-1956DisposalArea as
solids or contained liquid and those dischargedinto the industrial
waste or storm sewer systemsare not available. Severaldifferent
reportsdating from 1971 to 1981 give limiteddata on such amounts. A

1971 industrialwaste disposalmethods survey conductedby the Naval
Air DevelopmentCenter in Warminster,Pennsylvania,states that 50,000
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Table 6-10

ESTIHATED ANNUAL HAZARDOUSWASTE _NERATION RATES AT
N/U_FALAMEDA

_zardoue Waste Qusntity Generated

Asbestos 200 poundm

br_ll iu= 100 pounds

Usedoil and fuel* 140,000 g=llonm

Watsr-€ontl,ainatsdpetroleumproducts B0,000gsllons

Non-reel aimab]• I.=1vents 2,000 ga31one

Oily wsats_eters and sludges 160,000 g=ljons

PI at ing wmetes 1,500 9el 1one

PLint wastes/st rippers/el ethers 16,000 gl] l one

Acids 100 ga]] one

Syntheticoils 1,500gs]]ons

Nercur_. 60 pounds

IWIT sludges 260,000gsllon8

Causticclmanir_€oapoundm 200 gtllonm

*Includesuterie] generated by =hips.

Sources: NASAlamde, 1972 [nvirormenttl Protection
_Nard Eva]ustlon Ksport.

• UnitedStates Navy Public ttorks Center,
Oak]m_d, 1982, Arem_ide Hazardous Waste
Han_ement P]an.

Post, Suck]my, Schuh, Imd 3ernigan, Inc., 1981,
NARF Industri=1wears Survey! AJmeds;
_ irornls.
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gallons per month of concentratedchemical wastes were hauled away for
burial at the West Beach Landfill. This report was compiled at a

period of high activity levels on base in support of the Vietnam con-
flict. According to the 1980 hazardous waste survey, approximately
30,000 gallons of concentrated chemical baths are hauled away each
year. However,this figure representsonly onesource of the hazard-
ous wastes, and was taken during a relativelyinactiveperiod follow-
ing the in_)lementation of strict controls. Activity on base probably
fluctuatedbetween these two levels during the time the landfillwas
used.

6.4 OTHERTENANTSANDSUPPORTEDUNITS.

6.4.1 Port Operations. NAS Alamedahas two major operations: air
operationsand port or waterfront operations. Since port operations
are dependenton the presence of ships, and vary dependingupon the
type of ship, this sectionwill discuss both the port operationsand
the tenant units, Carrier Groups 3 and 7. Throughoutits history, NAS
Alamedahas served as the homeport for some of the proudest names in
the Navy's long line of ships, includingthe USS Hornet, the USS

_, and the USS Enterprise. Once homeportto five carriers and (
tnelr associatedescort and supportvessels, NAS Alamedacurrentlyis
homeportto nine ships (see Table 6-11).

NAS Alamedais the only port in NorthernCaliforniawith a 40-foot (-
plus projectdepth (mean lower low water) required for berthing CV/CVN
class ships (aircraftcarriers). It serves as one of only two deploy-
ment'pointsfor aircraftcarriers on the West Coast. The three major f_
piers total 6,120feet of berth and offer the best pier facilitiesfor V
Navy ships in the San FranciscoBay Area. NAS Alameda also has the
only pier facilitiesin the Central Bay Area capableof handlinga
limitedquantity of ordnance. For this reason, and becauseof the
deep water capability,submarinesuse the stationto offloadand load
their torpedoesbefore entering and leaving NSY Mare Island.

Pier i is the smallestof the three piers, having one 1,200-footberth
available. It is designed to be used for berthingone AQR, DD, or AFS
type ship. However,the pier is not structurallysound, and thus is
not used for berthing purposes. Pier 2 has four berthing spaces
availabletotaling 2,420 feet. One of these spaces has been reserved
for fleet operations and is left vacant. Transientvessels use this
berth for loadingand offloading small amountsof ordnance. The
remainingthree berthing spaces usually accommodatecombinationsof
destroyersand service ships. Pier 3 is the'largestberthing facility
at NAS Alameda and can simultaneouslyaccommodatetwo nuclear-powered
attack carriers. Total feet of berth availableat this pier is 2,500.
Berthingof aircraftcarriers and the deploymentof aircrafton board
is most often done at this pier. Cold Iron supportis availableat
Piers 2 and 3.

Prior to the initiationof Cold Iron programsdesignedto eliminate
dischargesto the pier waters by a ship in port, the sedimentsand the
waters at the piers receivedthe discharges and wastes associatedwith

normal shipboardoperations. Over the last 40 years, this continual
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Tab/e 6-11

SHIPS HOHEPORTEDAT NAS ALAHEDA

Standard
Ship Name C]oseificotion Clue Type

US5 Core/ Sea CV Attack Carrier

USS Enterprise CVN Nuclear Powered Attack Carrier

USS Karmas City AOR Replenishment OSier

USS Niagara FejJs AFS Combat Store Ship

use Car] Vineon CVN NucJaor Powered Attack Carrier

USS Roanoke AOR Rep]enishment OiJer

USS Wabash AOR Replenishment Oiler

USS Witchita AOR Replenishment OtJer

USS CaJifornia CGN Nuclear Guided HissiJe Cruiser

Sources: • Navy, Department of, Navol Fmci]ities Engineering Command,
Western Division, October 1981, _lster Plan for Nev=d Air
Station! AJamedor CaJifornia, Sen Bruno, _a_torn_a.

• PeroonaJ communications, N/kSAlmmedo.
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influx of material has led to the contaminationof the bottom sedi- " _.

ments.

6.4.2 Commander Naval Air Force U.S. Pacific Fleet Material Repre-
sentative(COMNAVAIRPACMAT REP). C_MNAVAI_PACMAT R_P serves as
liaisonbetweenthe Commanderof the Pacific Naval Air Fleet and the
repair activitiesconducted at NARF and AIMD, NAS Alameda. The activ-
ity offers the Pacific Air Fleet ground support in avionics,standard
depot level maintenance, and calibration of test equipment.

The office has done some minor hydroblastingand straightwater blast-
ing for corrosioncontrol. This blasting was done in front of Build-
ing 116; all splash and drippingswere caught in the IWTF. Other
industrialoperationsconductedby COMNAVAIRPACMAT REP included steam
cleaning,a small enclosed blasting booth, and a paint booth. The
paint booth has been used for touch-up paintingonly. Some storageof
"yellow gear" and avionics occurs when the USS Coral Sea and otheril

supportedships are out of port.

6.4.3 ConstructionBattalionUnit 416 ICBU 416). ConstructionBat-
talion Unit 416 (Seabees)Occupies a complex'ofbuildingson the (
northwestcorner of the base. Included in the Seabeescomplex are a
woodworkingshop (Building240), a constructionand weight handling

equipmentshop (Building230), an electricalshop (Building290),
utilitysystem storage (Building299), and the heavy equipmentmainte-
nance shop (Building528). Historically,the Seabees have been
largelyself-sufficient;their impact on the pollutionproblems at NAS F\
Alamedahas been minimal. Reportedly,the Seabeeshave disposedof
contaminatedoils from their vehicles and heavy equipmentbyusing the
West Beach Landfill or by sprayingthe oil on the dirt roads in the
area.

6.4.4 Defense Property Disposal Office (DPDO). Over the years NAS
Alamedahas been in operation, UPDU has been engaged in the sale of
used hazardousmaterials having some recyclablevalue,particularly
solvents,oils, and PCB-filledtransformers. Solvents and oils have
generallyalways been salable items, and DPDO has not had a great deal
of difficulty marketing them.

In more recent years, as informationhas become availableconcerning
the toxic and hazardous nature of some of these materials, DPDO has
found it necessaryto segregatemany of the wastes. However, since
DPDO's philosophy is that a hazardousmaterial is not a hazardous
waste until a use for it cannot be found, and since DPDO administra-
tively finds it much easier to disposeof "materials"than "wastes,"
every attempt is made to find uses for even hazardoussubstances.
At present, DPDO receives and stores hazardousmaterial for recycling
with the exceptionof acids and flammables. DPDO anticipatesrequir-
ing storagecapacity for acids and flammablessometime in 1984.

6.4.5 Navy Disease Vector Ecology ControlCenter (DVECC). The Navy
DVECC Alameda is one of two officesof thiS kind in the country. Its
jurisdictionincludes all of the states west of the MississippiRiver. f_
Its major duties concern vector and pest management control. By
definition,a vector is any agent which spreads disease and disease

6-34



agents. While this office does not directlycontrolthese agents, it
does identify,diagnose,and adviseon vectorsand their control and
management. DVECC tasks includevisits to bases, stations,and ships;

_ training sessions;civilian liaisonfor coordinatedcontrolof pests;
emergencyand disasterrelief;and research,testing,and development.
Some sprayingof ships for cockroachesusing 12-ouncespray cans of
Dephenefrinooccurs on request.

The office of the DVECC is locatedin Building130, which contains
offices,laboratories,storage,and trainingclassrooms. Another
part of this functionis locatedat Point Molate,Where there is an
equipmentshed and yard for specialsprayersand pest controlequip-
ment.

6.4.6 AlamedaDetachment,ExplosiveOrdnanceDisposalGroup One.
ExplosiveOrdnance Disposa](EOD) Group One, whi'choccupiesBuilding
43 (West),respondsto accidentsand incidentsinvolvingmunitions.
EOD Group One also respondsto bomb threatson the base and assists
the civiliancommunitywith the disposalof explosivesand explosive
devices. The group does not have a blastingrange and, therefore,has
only limitedcapabilitiesfor disposaloperations. In the past, the
group has acceptedpicric acid from the DanvilleFire Department
(1970),red phosphorusfrom an undisclosedsource,and old, unstable
ether. The ether cans were disposedof on base by buryingthem in the
sand in the bunker at the fire training area and then rupturingthem
with a blastingcap, thus ventingthe ether to the atmosphere. EOD
Group One has also assistedin off-base emergencyresponse,such as
the 1973 Rosevilletrain disaster involvingthe _ecovery and '°safeing"
of 1,238 Mark 81 Low Drag Bombs. The United States Army EOD was in
charge of the operation.

6.4.7 Marine Air Group 42. Marine Air Group 42 has two squadronsat
NAS Alamedaconsistingof 14 A-4Fs, two TA-4Js, and six CH-53A heli-
copters. Historically,any above-linemaintenancehas been handledby
NAS Alameda. Waste generationhas been co_aratively minimal.

6.4.8 Marine Barracks. The Marine Barrackshouse the Marine detach-
ment responslble_or perimetersecurityand some limitedinternal
securityat the station. Although NAS Alamedahas its own security
department,the Marines supplementit by providingguards at the gates
at the base perimeter. They also provide securitysurveillancefor a
storagearea called the Alpha Area. The Marinesuse the base pistol
range approximatelysix times yearly. All vehicularmaintenanceis
handledby The Presidio;all "self-help"items, such as paints, are
disposedof on base.

6.4.9 Naval Air ReserveUnit (NARUI. NARU Alamedais the nation's
largests_ngle alr reserve actlv1_y. Its purposeis to administerthe
Naval Reserve Programdirectedby the Chief of Naval Reserves
(CNAVRES). More specifically,NARU provides the logisticsupportand
administrativecoordinationfor the trainingof pilots and crew be-
longingto the Naval Air Reserveand Marine Corps Air Reserveunits
in the area. The commandingofficerof NARU reportsto both the
CNAVRESand Chief of Naval Air Reserveheadquarteredin New Orleans,
Louisiana. Six squadronsare assignedto NARU Alameda (see Table

6-35



6-12). A listingof buildingsoccupied by NARU is given in Table
6-13.

The purposeof VA-304 is to train Naval Reservepersonnelto conduct
offensiveair-to-surfaceattack operationswith conventionaland
nuclearweapons. The VA-304 is currentlyflying A-TB aircraftto
performthis mission. For trainingpurposes,there is an A-7 simu-
lator locatedin Building101, which belongsto and is maintainedand
operatedby NARU. The officersare responsiblefor the training. The
enlistedmen are trainedto supportthe attackmission by maintaining
the A-7B aircraftat operationallevel. This maintenanceactivity
historicallyhas been a generatorof waste. The waste (generally
fuels, paints,oils, some cleaning and strippingfluids, and hydraulic
and lubricatingfluids)was disposed of in the seaplanelagoon until
1974. Table 6-14 lists the NARU buildingsand the waste streams asso-
ciated with NARU activities.

6.4.10 Navy PublicWorks Center_San FranciscoBay (PWC SFRAN BAY).
The PWC SFRAN BAY is a consolidatedserviceorganizationcommissioned
in June 1974 to providethe full range of public works supportto the
operatingforces,dependentactivities,and other supportedcommands
in the Bay Area. PWC SFRAN BAY is responsiblefor providingpublic
works, public utilities,public housing,transportationsupport,engi-
neeringservices,shore facilitiesplanningsupport, and all other
public works logisticsupport. At NAS Alameda,in additionto the
management and controlof 1,213 family housingunits througha PWC
branch office in Building101, PWC SFRAN BAY is responsiblefor the
operationand maintenanceof more than 30 utilitybuildingsand sta-
tions on base.

6.4.10.1 Buildin_114. Historically,Building 114 has housed the
majority of public work shops, includinga woodworking,steam clean-
ing, and paint shop; pesticidesshop; and generalmaintenanceshop.
(The pest controlprogram is discussedin Section6.2.6.) Steam
cleaning,paint stripping,and paint spray booth activitieshoused in
Building 114 generatedapproximately250 gallons of wastewaterper day
for approximately12 years. Until the early 1970s, these wastes were
dischargeddirectlyto the storm drains which emptied into the San
FranciscoBay by way of the seaplane lagoon and the estuary. Current
dischargeis to the industrialwaste collectionsystem. A separator
pit which was intendedto separate sludgesand floatingscums from the
wastewaterwas located in the westerncorner of the courtyardof
Building 114. Examinationand analysesof waste flows downstreamof
these separatorsindicatedinadequateseparation,particularlyof oils
and grease. Periodically,the separatorpits were pumped out by the
Public Works Departmentand disposed of at the West Beach Landfill.

6.4.10.2 Buildin_6. The transportationshop has always been located
in Building'6since the Navy Public Works Center, San FranciscoBay
was established. This shop is used for the repair and overhaul of
automotiveand constructionequipment. In the late Ig6Os, the steam
cleaningoperationsand the car wash rack generatedapproximately
1,250 gallonsper week of wastewaterscontainingsoap, detergents,
oil, and grit. These wastes were dischargeddirectlyto the San
FranciscoBay followingminor treatmentby an oil and sludge separator
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Table 6-1Z

AIRCRAFT ASSIGNED TO NARUALAMEDA

Unit Number Type oF Aircraft

VA-)03 1) A-7B

VA-30_ 14 A-7B

v/u<-Z08 5 KA-3B

VAK-)OB 5 KA-3B

H5-85 B SH-3O

VR-55 3 c-gB

Source: Nmvy, Oepmrtmmnt oft Navel Fsc_litie$
Engineec_ng Cm_mr_, Western Division,
October 1981, Heater Plan for Naval AZr
Station! Al_eda r CaZZfornia, 5an Bruno,
_sl_orn_8,
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Table 6-13

BUILDINGSOCCUPI{I)BY RESERVEUNITS

BuiLd_ng De_ript_on User

2 Administrative offices/training classrooms NN_U

13 Reserve inteLLigence programs spaces NARU

20 Aircreft maintenance hangar VA-)03
VA-30A
CVW-30

21 Aircrmft maintenance hanger VAK-208
YAK-308

Z2 Aircraft maintenance hanger MAG-42

39 Aircraft maintenance hanger H5-85

40 Aircraft m_ntenence hanger VR-59

90 Recruiting officea NARU

101 Tr eining devicee/eimulet ors NARU

114 Reserve intelligence program spaces NARU

193 Administrative spaces HAG-A2

266 Line maintenance shelter HGR 21

307 Inert storehouse HGR 40

308 Inert storehouse HGR 40

314 Reedy urvice munition locker HGR 21

315 Reedy service munition locker h_R 21

316 Reedy service ammunition locker HGR 20

319 Ready service munition locker HGR ZO

320 Reedy service ammunition locker _ 21

321 Ready service ammunition locker HGR 22

326 DFy storage tank All

329 Line maintenance shelter HGR 21

334 P_LnL locker HGR 21

335 Lube storage HGR 21

378 Lube storage HGR Zl

_2 Wa.rehouse HAG-42

A63 Radar control pletfom MAG-42

General --_.orage shed, open HAG-42
465 Were_ue,_ HAG-42

.526 Line maintenance shelter HGR 20

5_ tins mmlntenance shelter HGR 20

.5Y7 Line m_ntenance shelter HGR ZO

.5_8 Line maintenance shelter HGR Z2

539 Line maintenance shelter HGR 22

.541 Line maLLntenance shelter HGR Z2

.549 Line maintenance shelter HGR 20

582 Wseh rick shelter HGR 20

Source: Navy, Department of, Naval Facilities Engineering Command,
Western Division, October 1981, Master Plan for Naval Air V
Station! Alameda! California, San Bruno, Caizforn/a.
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Table 6-1_

WASTESTREAH5GENERATE])BY
NARUACTIVITIES - 19608

!

• Building/Activity Wute Stra_u_a

Hangars 20-21 Detergents, solvants, emulsified
Partial a_rcraPt wash, seven per grease, oil, and grime; average 3,500
day; aircraft _h _e8 between gallons per day
Hangars 20-21

Hangar 22 Soap, detergents, brighteners,
Aircraft wash area, one aircraft carbon remover, emuisified grease,
per day o£I, end gr£me; 500 gallons per day

Hangar }9 Detergents, spot remover, paint
Air operations; aircraft _8h remover, brighteners, carbon
area along seawall; 21 wLshod remover; average 10,000 gallom par
weekly, one _ehed twice monthly day

Hangar _0 Detergents, brighteners, paint
Aircraft _eh area along seawall; remover, emulsified _'ease end
six to eight aircraft per month grime; average 3,500 gallons per day

Source: Navy, Department oft Naval Focilitiu Engineering Command, Wemtem
Division, 1966, Report on Study of Water Pollution Generated in
Industrial Wastewatar at Naval Air 5tationi Alameda: CaLifornia.
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locatedat Building6. Approximately350 gallonsper month of sludges
from this separatorpit were disposed of by the Public Works Depart-
ment at the West Beach Landfill. The transportationshop also dis-
posed of approximately160 gallons per year of batteryacids which
were neutralizedwith baking soda before being dischargedto the
sewers.

6.4.10.3 Power Plant - Building 10. There are two power plants at
NAS Alamedaused for the generationof steam. The power plant located
in BuildinglO was built in the early 1940s, when the base was first
commissioned. Seven boilerswere in operationat the plant until the
early lg7Os,when five of the boilerswere taken out and two new boil-
ers were installed. The primary fuel used currentlyat Building 10 is
naturalgas; diesel fuel is used as a back-upfuel.

Bunker "C" fuel oil was used as fuel for the plant until the early
1970s. This fuel was stored in eight (one 24,000-gallonand seven
12,000-galloncapacity)undergroundtanks locatedon the north side of
the building. Spills have occurred in the past, resultingin the
accumulationof Bunker "C" fuel oil in the trenches for the steam
pipes on the north side of the building. When a spill occurred, a
suctiontruck was used to skim the oil off and disposeof it in the
oil sump at the West Beach Landfill. When the power plant was con-
verted to naturalgas (with diesel fuel as an alternative)in the
early 1970s,the Bunker "C" tanks were filled with water and aban-
doned. Eight new abovegrounddiesel tanks with a total capacity of
150,000gallonswere installedon the south side of the plant. The
area where the tanks are locatedis bermed, and there have been no
incidentsof leakageor spills.

In the past, waste oils generatedat the plant were put in a bowser
which was periodicallypumped out into an oil tanker and taken away
for disposalat the West Beach Landfill.

Boilerblowdowncontainingcaustic soda, phosphate,and sulfidewas
dischargedto the sanitary sewage system. The chemicalsfor the
internalboilerwater treatmentwere, and still are, stored in the
plant in an open area. There have been no incidentsof chemical
spills.

6.4.10.4 Power Plant - Building584. The power plant located in
Building584 hear the docks was built in 1976 solely to provide "Cold
Iron" supportfor the ships which homeportedat NAS Alameda. Before
its construction,two mobile steam units borrowedfor use from Port
Huenemewere locatedat Pier 3. Boiler blowdown at the plant located
in Building584 drains to the industrialwaste treatmentsystem.
Diesel fuel for the plant is stored in abovegroundfiberglasstanks
across the street towardsthe piers. The area is bermed, and there
have been no incidentsof leakageor spills.

6.4.11 Naval Regional Dental Center (NAVREGDENCEN)Branch Clinic.
The BranchClinic at NA5 Alameda is one of severalbranch clinicsof
NAVREGDENCEN,San Francisco. The purposeof the clinic is to provide
professionaldental supportto shore bases and fleet activitiesin the
generalarea. Fleet-basedpersonnelrepresentabout 60% of the work
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load, while permanentpersonnelrepresentsabout 35%. Retiredperson-
nel and othersrepresentabout 5% of this office'swork load.

The dentalclinic was establishedin the early 1940s to provide gen-
eral dental servicesto active duty Navy and Marine Corps personnel
and retiredmilitary personneland their dependents. The clinic is
locatedin Building16, which is also occupiedby NAVREGMEDCEN. Cur-
rently,the buildinghouses 12 operatingchairs, nine offices,one
cleaningroom, one operating/diagnosisroom, and a preventivedentis-
try room. There are also three X-ray rooms, a duty (emergency)room,
a lockerroom, and a waitingroom with clerical space. As an indica-
tion of their activity,approximately1,600 dentalrecords are on
file.

Hazardouswastes generatedat the clinic includescrap amalgamand
waste X-ray solution. The scrap amalgam is routinelyturned over to
the DPDO for reclamationof silver and mercury, and spent X-ray solu-
tion is processedfor silver recovery. Accordingto personnelinter-
viewed,the clinichas alwaysturned their wastes over for proper dis-
posal and reclamation.

6.4.12 Naval RegionalMedical Center INAVREGMEDCEN)Branch Clinic.
Currently,the purposeof NAVREGMEDCENOaklandis to provideout-
patientconsultationand generalclinical servicesto active duty Navy
and Marine Corps personnel,active duty membersof other branchesof
the armed services,dependentsof active duty personnel,and other
persons as authorizedin currentdirectives.

The assignedspecifictasks and functionsas directedby the Command-
ing Officer,NAVREGMEDCENOakland,are to:

I. Providegeneraloutpatientmedical supportto authorized
military personnel;

2. Provideauthorizedgeneraloutpatientcare to eligibledepen-
dents of active duty, retired,or deceasedpersonnelas
determinedby the Officer-in-Chargeand contingenton avail-
abilityof personneland funds;

3. Provideambulanceservice as directedby higher authority;
and

4. Provideor undertakeother appropriatefunctionsthat may be
authorizedor directedby higher authority.

With a total staff of 83 (eightofficers,46 enlisted,and 29 civil-
ians), the MedicalBranch Clinic at NAS Alamedaoccupiesand utilizes
the followingfacilities:

i. All of Building16 is occupiedby the NAVREGMEDCENand
NAVREGDENCENBranch Clinics.

2. A portionof Building115 providesgarage facilitiesfor
vehiclesused to supportthe mission,office space for the
PreventiveMedicine Section,NAVREGMEDCENBranch Clinic,and
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storagespace for both NAVREGMEDCENand NAVREGDENCENBranch
Clinicfacilities.

3. A portionof Building5-A, locatedon the ground floor of
Hangar 5, is occupied by the IndustrialMedical Clinic,which
providesoccupationalhealth servicesfor the stationand its
tenants.

The medical clinic includesa small laboratory,as well as X-ray
photography,pharmacy,and emergencycare areas. Tllereare no facili-
ties for surgeryor inpatientcare.

Becauseof the limitednature of the clinic, the types of wastes gen-
erated are limitedand are producedonly in small volumes. These
wastes includesmall amountsof laboratoryreagents and solvents;
developingand fixing solutionfor X-ray photography;and solid, pos-
sibly infectious,wastes such as swabs, wound dressings,and used,
empty, or out-of-datepharmaceuticalcontainers. Solid items are
typicallydisposedof in plastic bags, which in turn are disposed of
by the Public Works Center. Infectiouswastes may be incineratedby
the NAVREGMEDCENOakland. X-ray developingsolutionsare processed
for silver recovery and then disposedof directly into the sewer sys-
tem. Becausethe X-ray unit_ are of the electron-generatortype, no
radioactivewastes are produced.

An adjunctto the Medical Branch Clinic at NAS Alameda is the Occupa-
tional Health Clinic locatedin Building5-A. This clinic provides
minor first-aidand industrialhealth services,such as employment
physicalsand occupationalsafetymonitoring,and produces only small
quantitiesof solid wastes. These wastes includeswabs, dressings,
and enq_typharmaceuticalcontainerstypicallydiscardedin plastic
bags for pick-upby the Public Works Center.

6.4.13 PacificFleet Audio-VisualFacility (PACFLTAVFAC)Component.
The PACFLTAVFACComponent,locatedin Building 19, providesphoto-
graphic servicesto NAS Alameda, includingfilm developing,motion
picture support,and photodocumentationof official visits and special
operations. The averagemonthly work load is given below:

Product quantity

Black and white negatives 2,779
Black and white prints 1,848
Color negatives 1,077
Color prints 589
Color slides 579

Silver and other preciousmetals have been recoveredfrom processing
fluids. Photographicpaper is shreddedand the silver recovered. The
recoveryprocesshas been handled since 1974 by the DPDO. All other
chemicalsare disposedof down the drain, but only in small quanti-
ties.

6.4.14 Shore IntermediateMaintenanceActivity ISIMA). SIMA has been
aboard NA5 Al_eaa less than one year. Prior to 51Ft_,the USS Hector V

d
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providedmaintenanceassistanceduring 1978 and 1979. The Fleet Main-
tenanceAssistanceGroup (FMAG)was assignedto NAS Alamedafrom
Hunter'sPoint in 1975 and continueduntil 1978. All three activities

_ had the same function: to providemaintenanceassistanceto the car-
riers homeportedat NAS Alameda and to providesupportfor all Navy
vesselsin the Bay Area. The maintenanceperformedby these three
activitiesvaried from major ship overhaulwork by FMAG to the rela-
tivelyminor work done by SIMA. Wastes generatedduring maintenance
work includedmetal turnings,oils, fuels, paint, blastinggrit, and
lubricatingand hydraulicfluids. All wastes generatedby the USS
Hector,SIMA, or FMAG were disposedof by contractorsoff base.-

6.4.15 Supervisorof Shipbuilding,Conversion,and Repair ISUPSHIP).
Since 1978, SUPSHIPSan Franciscohas maintai{e4t_o officesat'NAS
Alamedafor the purposeof managing routinemaintenanceactivitiesfor
homeportedships. The SUPSHIP-Enterpriseoffice overseesthe mainte-
nance of the carrierUSS Enterpriseand is locatedin a traileroffice
near Pier 3. The main SUPSHIPoffice at NAS Alameda, locatedin
Building 162, managesthe maintenanceoperationsfor all other home-
ported ships. Prior to 1978, ship maintenanceoperationsat NAS
Alamedawere manageddirectlyfrom SUPSHIPSan Franciscooffices at
Hunter'sPoint, California. SUPSHIPactivitiesare limitedto voyage
repair,as opposedto the major repairsconductedat a shipyardsuch
as NSY Mare Island. Only componentsor subsystemsof the ships are
totally replacedor repaired. From 1975 to 1978, SelectedRestricted
Availability(SRA) capabilityexistedfor SUPSHIP, and certain ship-
yard type repairswere done at the piers by the directionof SUPSHIP
at Hunter'sPoint.

Wastes generatedby SUPSHIPoperationsincludeasbestos,oil, bilge-
water, and amountsof cleaningsolvents,paints, and primers. Because
civiliancontractorshave performedmost of the maintenancework on
ships at NAS Alamedafor many years (long-timeemployeesreport that
contractorshave worked at the NAS Alamedapiers since the 1940s),
they have long had the responsibilityfor collecting,transporting,
and disposingof these wastes. Thus, NAS Alamedahas few recordson
the quantitiesof wastes generatedin the past. With the exceptionof
bilgewater,SUPSHIPhas alwaysrequired its contractorsto collect all
wastes, such as paint and solventcans, spent solvents,old paint, and
asbestoslagging,in dumpstersfor periodichaulingto off-base dis-
posal facilities. Becauseno restrictionson the disposalof liquid
wastes were placed on NAS Alameda ship maintenanceoperationsprior to
1972, it is likelythat all such liquidwastes were routinelydisposed
of into the bay.

Ship maintenanceoperationsat NAS Alamedahave probably significantly
contributedto past pollutingpracticesonly in two ways. In the
past, the majorityof drums, barrels,or other material left on the
piers after a ship'sdeparturewas hauled to the West Beach Landfill
(Site 1). At the West Beach Landfill,the containersof liquidwere
puncturedand allowedto drain on the ground. The materialsleft by
the ship varied considerably,and includeditems rangingfrom chemi-
cals whose shelf life had expired,to excess materialsfor which stor-
age space could not be found, to a ton of rancid pork on one occasion.
Disposingof materialsby leavingthem on the dock the night before
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sailingwas consideredby shipboardpersonnelto be more desirable
than turningthem over to DPDO.

The disposalof asbestosin the West Beach Landfill is the secondway
in which shipmaintenanceoperationsat NAS Alamedahave contributed
to past pollutingpractices. Prior to 1973, almost all insulationin
the ship, such as lagging,was asbestos. Any ship coming in for a
five-yearoverhaul in the early 1970s had the asbestosripped out.
The asbestoswas then disposedof in the West Beach Landfill.

6.5 RADIOLOGICALOPERATIONS. Extensiveuse of radioactivematerials
at NAS Alamedabegan in the late ig40s in the dial painting sectionof
the instrumentshop locatedin Building5-A. In this shop, aircraft
instrumentationwas refurbishedby scrapingold dials, cleaning them
in solvent,and then repaintingthem with radioluminescentpaint con-
taining Radium226. Scrapingsfrom the old dials were depositedon
the surfacesof shop benches and cleanedwith TAC rags. Accordingto
recent correspondencewith a former station industrialhygienist,
radium wastes from Building 5-A, consistingof paper wipes and used
paint brushes,were discardedat the 1943-1956DisposalArea and the
West Beach Landfill. Liquid wastes were dischargeddirectlyto the
seaplane lagoon.

The radium dial painting shop was closed in the late 1950s/early1960s
(exactdate unknown). A contractorwas hired to decontaminatethe
facility. The drain pipe from the room was sealed at both ends, but
reportedlystill containscontaminatedmaterial. The Radiological
Affairs SupportOffice (RASO)has been advisedof this situationand
will investigateit further. Waste materials, such as masking tape V
and detergentwash water, reportedlywere put in containersand hauled
away by the contractorto an unknown location. Accordingto the
former industrialhygienistand personnelinterviewed,an unspecified
number of metal and wooden workbenchesfrom the instrumentdial paint-
ing and strippingshop were buried at the 1943-1956DisposalArea
because neitherstationpersonnel,the contractor,nor Naval Radiolog-
ical DefenseLaboratorycould decontaminatethem. The radioactive
materialwas disposed of in an unlinedtrench 50 feet long, eight feet
deep, and approximately11 feet wide north of the rifle range, approx-
imately50 feet north of the abovegroundwater outlet. The material
was broughtto the disposal area by NARF personnel,who wore protec-
tive white coverallswhich were subsequentlyburied along with the
radioactivematerial. Reportedly,much of the dial strippingsludge
was also buried there.

Current activitiesassociatedwith radium dials are restrictedto
their removal and replacementwith non-radioluminescentmaterials.
These operationsare housed in a controlledarea on the second deck
of Building 400. In early 1979, radium contaminationwas detected
in the work area. A contractorwas called in to decontaminateand
monitor rooms 203 and 204. Benches,ducting, and drains were removed
and disposed of off base by the contractor. The bulk of the contami-
nation,which was apparentlyconfinedto a relativelysmall floor
area, was removedby strippingthe paint from the floor. Subsequent
monitoringby the contractorindicatedno detectableRadium 226 or
Radon 222 levels above normal backgroundlevels in ambient air. No
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significantradon breath test resultswere found when personnelwere
tested. Since work area decontaminationin 1979, all work with sus-

_ pect radium dials has been performedin a controlbooth equippedwith
a laminarflow ventilationsystem,a fixed alpha radiationroom moni-
tor, and a hand-heldalpha and beta/gammadetector. Personnelper-
formingthe work wear disposableouter clothing.

The glass prisms from some celestialnavigationdevicesrepresent
anothersource of radiologicalmaterial associatedwith the instrument
shop. The glass prisms were found to containthoriumduring routine
maintenanceof Baird atomic navigationdevicesfrom A-3 aircraft. In
1980 these prisms were found to emit 1.6 to 3.3 mR/hr from Thorium
232, but no activitywas detectedwhen a wipe test was made with
alcohol-wettedfilter paper. Stationpersonnelreportedthat some
instrumentswith thoriatedprisms may have been disposedof in the
landfillas early as the 1950s. These reportsare not documented,and
even if the disposalsdid occur, there would be minimalhazard.
Instrumentswith thoriatedprismswere replacedby the manufacturer.

Other eventswhich could have resulted in environmentalcontamination

from radiologicalmaterialshave been limited. Records indicatethat
in 1951 the Overhauland Repair (O&R) Departmentdecontaminatedtwo
jet enginesfrom a plane that had been flown through the cloud result-
ing from an atomicbomb blast. Tl_eseactivitieswere performedunder
the directionand supervisionof the Naval RadiologicalDefenseLabor-
atory, San Francisco. No furtherrecordsor recollectionsof these
operationswere obtained. In the late 1960s, the P-3 aircraftwas
found to have instructionplacardspaintedwith uraniumoxide located
at the starboard,aft ditchingstations. These placardswere removed,
placed in containers,and held at the low-levelstoragebuildingat
the West Beach Landfillfor disposalby a licensedcontractorat an
unspecifiedoff-base location.

6.6 WASTE DISPOSALOPERATIONS.

6.6.1 West Beach LandfillISite 1). The West Beach Landfillis
located'atthe SouthwestCorner of the base and occupiesapproximately
110 acres, as shown on Figure 6-7. The site is borderedto the west
and south by San FranciscoBay and to the north and east by runways
(see Figure 6-8). The site was used for generaldisposalpurposes,
with an estimated1.6 milliontons of garbagedisposedof. Hazardous
waste disposaloperationsfirst began at this site in the early 1950s
with the disposalof waste chemicaldrums in'an area known as the
chemical dump, which is locatedat the northeastcornerof the site.
However,the majorityof the disposaloperationsdid not occur until
1954 or 1956. It was during this time period that disposaloperations
at the 1943-1956DisposalArea ceased and the West Beach Landfill
became the main disposal area for the base. During this time period,
50 to 100 tons or more per day of municipaltype refusewere being
disposedof at the site.

Althoughmost of the liquidwastes generatedat HAS Alamedawere dis-
chargeddirectlyto the storm drains prior to the early Ig7Os, an
estimated50,000 gallonsper month of accumulatedsludges,spent
liquid,and solid processmaterialswere disposedof at the landfill.
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Figure 6-7 AREAS OF SUSPECTEDHAZARDOUSWASTEDISPOSAL,WESTBEACH _'
LANDFILL (SITE 1), NAS ALAMEDA
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I:igure6-8 AERIAL VIEW, WEST BEACH LANDFILL (SITE 1|, NORTHERN BOUNDARY.
The northern boundary of the West Beach Landfill liesto the right of the fence visible in the
center of the photograph. Shortly after the bunkers were constructed at this site, an exudite
appeared on the interior wells, caused by the landfill (June 1982).
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Waste solvents,metal cleaningcompounds,spent electroplatingand
anodizingbaths, paint, paint removersand thinners,and heat treating

_. compoundswere collectedin bulk at variouslocationsby plant mainte-
nance personneland buried at the landfill. Table 6-15 lists the
wastes from overhauledaircraftwhich were disposedof at this site.

Sludgesfrom 15 separatorpits which interceptedwastewaterflows were
periodicallypumpedby Public Works personneland buried at the land-
fill. Estimatedvolumesof materialsdisposedof by plant maintenance
and Public Works personnelas indicatedby operatorrecords are given
in Table 6-16.

Disposalmethods used at the site by PublicWorks personnelconsisted
of excavatinga trench to the water table, fillingthe trench in with
materials, spreadingand compactingthe materialwith a bulldozer,and
then covering the area with the excavatedsoil on an intermittent
basis. In the early years of operation,whole drums were buried at
the landfill (Figure6-9). However,followingthree differentfires
caused by bulldozersrunningover full drums of apparentlyflammable
material,all drums containingliquidwaste were puncturedand drained
before being buried. The practiceof using daily soil cover was not
instituteduntil the early 1970s (Figure6-10). The roads which
traversethe landfillwere made by clearing an area with a bulldozer
and then placingspent blasting sand and abrasives(greengarnet)down
to form the road surface. From approximately1957 to the early 1970s,
it was common practiceto open the valves on waste oil tankersand
releasethe waste oils on the roads for dust controlpurposes (Figure
6-11). Waste oils from bowsers (Figure6-12) were also disposedof in
this manner.

This site also containedtwo unlinedoil sumps (see Figure 6-7).
Waste oils generatedon the base which were not reclaimedor sold were
disposedof in these sumps. It was standardpracticefor the tanker
trucks to back up to the oil sump, open their outlet, and drain the
oil into the sump. There was usuallya visiblesheen on the impounded
water locatedin the midsectionof the landfill(Figure6-13), indi-
cating that the oil in the sumps was contaminatingthe water. The
water encounteredduring trench digging on the landfillusuallyhad an
oil sheen.

PCB-contaminatedoil from base transformerswas also disposedof at
this site. The PCB fluids were broughtto the landfillin 30-gallon
garbagecans loadedon a trailerand then spreadon the road in the
northeastcorner of the West Beach Landfill. The road was later cov-
ered with a layer of soil. Other PCB-contaminatedmaterialdisposed
of at this site includedTAC rags from NARF operations. Approximately
1,400 36-inchby 36-inchTAC rags soakedwith four grams of PCBs were
disposedof each week, beginningin the early 1950s and continuing
throughthe 1970s. These includedrags possiblycontaminatedwith
radium from the instrumentdial painting and strippingshop. Tons of
carbonlesspaper containingPCBs used on the base were also disposed
of at the landfill. Three other naval bases in the San FranciscoBay
Area also disposedof waste at NAS Alameda. Large quantitiesof
infectiouswaste (approximately30 cubic yards per day) were received
from the Oak Noll Naval Hospital. The Naval Supply Center-Oakland
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Table 6-15

WASTEPRODUCTSFROMAIRCRAFT OVERHAULAND REPAIR

Nomenclature Quantity/Year

Acid, H_drochlortc 1 1,000 gallons

Acid, Nitric 1 700 gallons

Acid, Sulfuric I 350 gsJlona

Hethyl Ethyl Ketone 3 18,000 Qa/]ons

Ethyl Acetate 3 50,000 gallons

Sodium H)droxideI 4,400 pounds

Stoddard Solvent 2 160,000 gallons

Paint Remover2 105,000 gldlone

C1saner Brightener 1 2,400 gel l one

Ortho Dichl orobenzene I 1, OOOgel Jons

Nethy]ene Chloride I 11,000 gallons

Hethy] Chloroform 3 4,900 gallons

Trichl orethyl erie2 24,000 gas 1one

Toluene I 2,600 galIone

Xyl ene 1 4,500 gallons

Oil, 10102 16,000 gallons

Naphths, _Jiphstic3 4,000 gallons

Naphtha, Aromatic 3 1,800 gallons

Emulsion CleBner 1 80,000 gallons V
(MIL-C-225_)

Carbon Remover2 12,000 gallons
(HIL-C-19853)

Acetone 9,100 gallons

Cleaning Compour_-

Turco 4228 15,000 _ounds

Chromic Acid 1 19,700 )ounds

Sodium Cyanide 1 2,400 )ound8

Potassium Cyanide 1 2,400 )ounds

Copper Cyanide 1 500 )ounds
#396 Perliton

Pbst Tresting Cylnide 500 pounds

Paint Thinners2 35,000 gallons
(various kinds)

Steam Cleaner 21,000 gallons

I. To drains by leskage, direct dischsrge, or drag-
out; to sesplsne lagoon or estuary.

2. Buried at the dump.
_. To drains or buried at dump.

5ource: Navy, Department of, Naval Facilities Engi-
neering Command, Hestern Division, 1966,
Report on Study of Water Pollution Gen-
erated in inoustrzaJ "_aatewatar st Nays]
a.tr _tat_on t aJamedar _a/iforn_a.

Note: Quantities _ere rounded to two significant
figures.
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Table 6-16

ESTIMATED VOLUNESOF SLUDGE
DISPOSED OF AT THE

WESTBEACHLANDFILL - 1960s

BuiJ ding Voi u_

P]ant Haintsnance Dispose]s

5 21,000 gallons per month

360 14,000 galJons per month

Pub] ic. Works Disposal s

6 350 gsllons per month

10 100 gallons per month

14 Z,O00 gallons per month

67 100 galJons per month

162 4,000 gal!ons per month

166 175 gallons per month

360 1,000 gallons per month

372 Z,ZO0 gallons per month

397 3,000 galJons per month

410 4,000 galJons per month

459 60 gallons per month

460 200 gallons per month

i
#

Total 53,000 galJons per month

Source: Navy, Department of, Naval FsciJi-
ties Engineering Commnd, Western
Division, 1966, Report on Study of
Nster PoJ]ution r.enerstecl Zn Zndus-
tr_s) wast_ster at Naval Air

, ,i
5tatZon r A]ameda_ _ai_fo:nza.

Note: Quantities have been rounded to two
significant figures.
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Figure6-9 WEST BEACH LANDFILL (SITE 1), VIEW LOOKING SOUTHWEST,
1968.
This photograph shows the typical day-to-day operations of the West Beach Land-

fill (Site 1). Materials were pushed into the impounded water area (April 1968).
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NAS, ALAMEDA REFUSE DISPOSAL AREA

View Iookinll Wes!

Figure 6-10; 'WEST BEACH LANDFILL (SITE 1), LOOKING SOUTHWEST,
1968.
This photograph shows the West Beach Landfill (Site 1) after the application of
cover. Cover was not applied daily until after 1970. Note the intact barrels still
on the surface (A) (April 1968).
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Figure6-11 AEfllAL VIEW. WEST BEACH LANDFILL (SITE 1), LOOKING
SOUTH, 1968.
This photograph shows oil dirdpolal from tank cars which opened their valves a_l
drove until the tanks were empty (A). Uncovered waste material can be seenat (BI.
The bulldozed area at (C) is still visible today.
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Figure 6-12 BOWSER.
Twenty-seven bowsers are scattered throughout the base and receive all kinds of
waste liquids, primarily oils. Previously, the contents of these bowsers were spread
on roads, burned for fire training, or disposed of into sumps at the 1943-1956
Disposal Area and West Beach Landfill (June 1982).
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Figure 6213 -' AERIAL VIEW, WEST BEACH LANDFILL (SITE 1121968.
The outlined area roughlydelineatesthe boundari_ of the WestBeachLzmdfill(Site 1). Note the
oil sheen (A) from the oil sumps at the northern edge of the impounded water area. Note also that
the dredge spoils area (B)shows no indication of disposal at this time. Use of this area as a disposal
areabegan in the 1970s (July 19681.



sent approximatelyfour 30-cubic-yardtrucks of waste per day, includ-
ing laboratorywastes,to the landfill. Treasure Islandsent approxi-
mately two 30-cubic-yardtrucks per day of unknownwastes. In addi-
tion, all wastes generatedby ships in port and aircraftcarrierswere
disposedof at the landfill.

Asbestos pipe laggingripped out and removedfrom ships was disposed
of in the mid-easternsectionof the landfill (see Figure 6-7). The
asbestoswas broughtto the dump loose in dumpstersand was not con-
tained until the early 1970s, when it was put into plasticbags for
disposal. The area where the asbestoswas buried is coveredwith
soil. There was no visibleevidenceof exposed asbestosat the sur-
face during the site visit in June 1982.

A one-time disposalof large quantities (severalhundred pounds)of
tear gas agents (CS and CSC) left over after use by the NationalGuard
during the Berkeleystudentriots was made in 1968 or 1969. The tear
gas was disposedof in containersas a loose powder; the exact loca-
tion is not known.

From approximately1952 to 1968, mercury wastes from brokenmanometers
and fluorescenttubes were put in drums and disposed of at the land-
fill. The actualdrummingof the mercury was done inside Building5,
where the "tube buster"was located. The "tube buster"would smash
approximately1,300 eight-foot-longfluorescentlight bulbs per week.
Each light bulb containedtwo to three drops of mercury.

Inert ordnancefrom the DefenseLogisticsAgency (DLA) in Alamedawas
also disposedof at this site. Approximatelyfour truckloadsof
ordnanceranging in size from four feet long, 12 incheswide, to
smaller ammunitionwere buried in 1976 (see Figure 6-7).

It is also reportedthat in the late 1970s the Public Works Pest
Control Shop (Building114) was cleanedout and all pesticidesaf-
fected by the Toxic SubstancesControl Act (TSCA) and the Federal
Insecticide,Fungicide,and RodenticideAct (FIFRA)were disposed of
in the landfill. The pesticidedisposal area was approximately30 to
50 feet on a side (900 to 2,500 squarefeet) (see Figure 6-7). The
pesticideswere disposedof in a ditch which was coveredwith three to
four feet of soil. The IAS team was shown the locationof the alleged
pesticidedisposal area and were told that the pesticidesdisposedof
in this area were both liquid and solid; the majority of pesticides
disposedof there was solids. The pesticideswere containedin card-
board containers,glass bottles, and plasticcontainers. Personnelof
the Public Works pesticidedepartmentmaintain that all pesticides
which were affectedby TSCA were sent to the Oakland Naval Supply
Center and then to a Class I disposal site for hazardouswastes.

As shown on Figure 6-7, waste disposaloperationsoccurred in all but
the southwesterncorner of the landfillsite. The only known material
which was disposed of in this area was metal scrap from various Public
Works sites which was buried in the late 1970s (Figure6-14). This
area was used for disposalof dredge spoilswhich, for the most part,
came from the pier areas, turning basin, and the entrance channel. In
1981, 24,000 cubic yards of dredge spoils from the seaplanelagoon
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Figurer_:-_i_,-AERIAL VIEW, WESTBEA_CHLANDFILL (SITE 1),
LOOKING SOUTHWEST.
Dredgespoil am. Note the mounds in the center of the photo-
gs_ph and the cleared, bulldozed area in the upper right-hand
oorner(June1982).
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• reportedlywere disposedof at this site. As outlinedin the 1981
Master Plan, plans for the area call for the establishmentof an

_' ordnance area, includingthe constructionof anmunitionbunkers. A
study conductedin 1978 indicatedthat this area could be utilizedfor
this purpose•

6.6.2 1943-1956DisposalArea ISite 2). waste disposaloperationsat
the 1943-1956DisposalArea first begin with the openingof NAS
Alameda in the early 1940s and continuedthrough1956. The site of
the disposal area is in the northwestcornerof the base (Figure
6-15). Althoughthe exact quantitiesof wastes disposedof at this
site are unknown,it was the generalopinionof the long-termem-
ployeesinterviewedthat the disposal area had received all wastes
generatedon base other than those which were simply drainedto the
storm sewers. Materialsknown to have been disposedof at this site
includeold aircraftengines,cooked garbage,cables, scrapmetal,
waste oil, paint waste, solvents,cleaningcompounds,construction
debris, and, reportedly,some radioactivematerial from NARF (Figure
6-16). Paper productswere burned in the base incinerator,which was
locatedin the vicinityof Building459 and operatedfrom approxi-
mately 1940 through1945. Ashes from the incineratorwere disposedof
at the site.

The disposalmethod used by Public Works personnelconsistedof dig-
ging trenchesto the water table, fillingthem with waste, and com-
pactingthe materialwith a bulldozer. Cover materialwas appliedon
an irregularbasis. Combustionof waste drums occurredoften during
bulldozingoperations,suggestingthat flammablematerialswere dis-
posed of in this area. In the early 1950s, the PublicWorks Depart-
ment changedthe method of disposalto open burning,which was then
continueduntil 1954. The burningpit was locatedat the northern end
of Runway 13-31 in the northwestcorner of the base, as shown on
Figure 6-15. All materialsreceivedfor disposal during this time
were burned at night and the residuewas pushed into the San Francisco
Bay with a bulldozerin the morning.

In 1952, plans for the extensionof Runway 12 (now Runway 13-31) and
Runway 7-25 necessitatedcoveringthe northerncorner of the disposal
area. Spoils stockpiledat the end of the runway during the dredging
operationsof the late 1940s were used as fill for the 1952 runway
development. The entire disposal area eventuallywas coveredwith
soil to an unknowndepth and disposaloperationswere moved to the
West Beach Landfilllocateddirectlyto the south (Figure6-16).

In the mid-1950s,the westernedge of the disposal area was developed
as the West Beach Fleet RecreationArea. Activitiesin this area
includea skeet and targetrange, baseballdiamond,picnic area, and
recreationbuilding. In addition,a joggingcourse traversesthe
site. It should be noted that these activitiesare locateddirectly
on top of the disposal area (Figure6-17).

6.6.3 SeaplaneLagoon (Site 3). The seaplanelagoon is locatedsouth
and east of the major industrialfacilitiesat NAS Alameda. The
lagoonwas originallyboundedon the west by a seawallconstructedin
the 1940s to partiallyenclosethe lagoon. The area west of the
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Figure6-15 1943 - 1956 DISPOSALAREA (SITE 2), NAS ALAMEDA
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Figure 6--16 AERIAL VIEW, 1943-1956 DISPOSAL AREA (SITE 2), 1946.
The outlined area roughly delineates the boundaries of the 1943-1956 Disposal
Area (Site 2). Note that disposal activity took place throughout the entire area
(July 1946).
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Figure 6-17 AERIAL VIEW, 1943-1956 DISPOSAL AREA (SITE 2), LOOKING •
SOUTHEAST.
This area, now the Fleet Recreation Area, was used for disposal of garbageand
hazardous waste (June 1982)..
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seawallis presentlyfilled and supportsportionsof the NAS Alameda
runwaysas well as the NARF engine run-up pads. To the south are the

_" ship piers; Pier 1 forms the lagoon'ssouthernborder. Although it
has not been used for over 25 years, the seaplanelagoon was origi-
nally enclosedto provide a landingand take-off area for seaplanes.
For this reason,the lagoonhas never been dredged.

The seaplanelagoon at NAS Alamedawas the receivingwater for four
raw industrialwastewaterdischargesbetweenthe 1940s and 1975
(Figure6-18). In addition,maintenanceactivitieson ships docked at
Pier 1 and other piers have resulted in the disposalof oil, bilge-
water, and other ship wastes during the same time period. Examination
of aerialphotographsshows that bay currentswould sweep such dis-
chargesinto the lagoon.

Reportedly,raw wastewaterscontaminatedwith heavy metals, acids,
solvents,paints,paint strippers,radium,mercury,cleaners,caus-
tics, phenols,and possiblyPCBs have been dischargedto the lagoon.
Studiesconductedjust prior to the abatementof lagoon dischargesin
the mid-197Osshow that averageflows at the time were approximately
150,000gallonsper day.

Wastes dumped into the lagoon from ship maintenanceactivitiesat Pier
I cannot be quantified. This is due to the extensivenumber of years
of operation,combinedwith evidencethat dumpingwas often done
indiscriminantlyby the contractorshired to performmaintenancework.

6.6.4 WastewaterDischarges. Prior to 1974, all industrialwaste-
waters generatedat NAS Alamedawere dischargeddirectlyto the storm
drains,which dischargeddirectlyto the lagoon and estuary. Because
the industrialwaste collectionsystem was not integrated,10 separate
dischargeoutfall locationswere employed. In addition,due to cross
connections,direct du_ing, or occasionalspills,the storm sewer
system also received industrialwastewaters,dischargingthem to the
bay at another20 outfallpoints.

The present locationsof the NAS Alameda industrialwastewatercollec-
tion system and storm water collectionsystem and dischargepoints are
shown on Figures6-19 and 6-20, respectively. Table 6-17 presentsthe
flow rates, sources,and locationsfor the raw wastewaterdischarge
outfallsemployedat NAS Alamedaprior to 1972. The table indicates
that the bulk of industrialwastewaterswas dischargedto the seaplane
lagoon. The three estuarydischargeswere limitedto aircraftclean-
ing wastes,wash waters, paint spray booth overflow,and swimmingpool
overflow. Three additionaldischargesare locatednear the piers;
these dischargedcleaning,stripping,plating,defueling,and anodiz-
ing wastes into the bay.

Although no comprehensivesamplingeffortwas undertakento character-
ize the individualwastewaterdischargesto the bay, pretreatment
studieswere conductedon compositesamplesfor the designof the new
treatmentsystem and the East Bay MunicipalUtilitiesDistrict (EBMUD)
discharge. Table 6-18 presentsthe resultsof compositesample
analysesfor four dates between1966 and 1969. The data in the
table, particularlyfor color, indicatethe high variabilityin the
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Figure 6-18 AERIAL VIEW OF SEAPLANE LAGOON (SITE 3), EASTERN
EDGE, OUTFALLS.
The outfalls are now contained so that spills canbe controlled and skimmed off.
Untill the mid-1970s, waste from NARF and NAS operations flowed into the
lagoon. The base fishing pier is located approximately 200 yards to the right
(June 1982|.
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Table 6-17

NAS ALAHEDAWASTEWATERDISCHARGESPRIOR TO 1975

Estimated
Outfsll Flow Rate*

No. (gpd) Receiving Water 5ource(s)

1 17,_00 Estuary Aircraft cleaning, paint spray
booth

Z 7,300 Estuary Paint spray booth, swimming
pool

3 7,200 Piers Steam cleaning, swimmiog pool,
spray painting, one restroom

60,000 Seaplane lagoon Electroplating, heat treatment,
cleaning, stripping, photo lab

5 1,800 Seaplane lagoon Overhaul parts, plastics, photo
lab

6 _2,900 Seaplane lagoon Cleaning, paint booth, boiler -
water, service aircraft, .con-
ditioning equipment backwash

7 29,150 Seaplane lagoon Paint booths, equipment wash-
ing, cleaning and overhaul,
cooking tower bleed-off

8 I0_,900 EMt of piers Cleaning and stripping, paint-
ing, anodizing, elsctroplating

9* _50 East of piers Aircraft defueling

10" 450 Estuary Garbage equipment wash area

*Intermittent flows

5ource: Navy, Department of, 1972, Environmental Protection Award Evaluation Report
Alameda NAS, Alameda, California.

6-75



Table 6-1B

COHPOSITERAW WASTEWATERCHARACTERISTICS,
1966 to 1969, NA5 ALAMEDA

S_ple Collection Date

Parameter 3/66 B/66 5/69 6/69
z

Tots1 solids 2,138 4,196 2,775 1,994

Suspended solzds 127 295 67 92

Dissolved solLds .... 2,707 --

Grease 2,065 378 37.9 376

80D 348 297 299 677

COD 2,060 215 568 --

pH (units) B.4 7.4 6.74 7.55

Color Black Turbid Yellow --

Alkalinity 154 112 129 86

Chlorides 794 1,091 1,150 --

Phosphates 10.9 3.8 7.65 3.91

Gross heavy metals 1.98 9.3 2.9 2.23

Lead 6 1.48 0 0.3

,Nickel 0.3 -- 0.15 --

Phenol 62.7 978 0.98 116.2

Cadmium 0.22 0.29 ....

*All quantities expressed Zn n_/L, except as noted.

5ource: Kurgnmn Engineers, August 10, 1970, Alameda NAS Waste Flow
Characteristics.
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wastewaterdischargesduring that period. For raw industrialwaste-
water, levels of heavy metals in the compositesamplesare unusually

_. low. Notablyomittedare analysesfor cyanideand specificsolvents
(exceptas COD). It is likelythat dilutionfrom the large quantities
of wash water from aircraftwashing,storm water runoff,groundwater
infiltration,or tidal back-up,may have dilutedsome portionsof the
sewer system.

Prior to 1956, NAS Alamedaoperatedits own sanitarywastewaterfacil-
ity near Building27. At its peak operation,the sanitarytreatment
facilityprovidedsecondarytreatmentof 660,000gallonsper day of
raw sewage,dischargingits treated effluentinto the estuary. In
1956, NAS Alamedadiscontinuedits own treatmentof sanitarysewage
and connectedits sewer systemto the EBMUD system.

Between 1972 and 1975, the industrialwaste collectionsystemwas
reroutedto dischargeto the EBMUD wastewater system. To meet EBMUD
influentstandards,three industrialpretreatmentfacilitieswere
constructedat Buildings5, 360, and 410.

The B-5 industrialwaste pretreatmentfacility is designed to treat
chromium-bearingrinse water and paint strippingwaste. After the
strippingwaste is screenedand the oil separated,these wastewaters
join the chromiumwastes for treatmentby chromiumreduction,coagula-
tion, floculation,and clarificationprior to dischargeto the indus-
trial waste collectionsystem. The B-5 plant handles approximately
30,900gallonsper day.

The B-360 treatmentplant treats chromium platingrinses with chromium
reduction,coagulation,and clarificationprior to dischargeto the
collectionsystem. Typicalflow rates throughthe B-360 plant are
approximately2,700 gallonsper day.

Finally,the B-410 industrialwaste treatmentfacilitytreats only
paint strippingwastewaters,beginningwith screeningand oil separa-
tion. The treatmentscheme is chromiumreduction,coagulation,flocu-
lation,and clarification. The paint solids screenedfrom both the
B-410 and the B-5 treatmentfacilitiesare collected,containerized,
and disposedof off base by contractors.

Figure 6-21 presentsthe sourcesof industrialwastewaterflows to NAS
Alamedaindustrialwaste treatmentfacilitiesand waste collection

' system. Presently,flow rates in the systemrange from 200,000to
350,000gallonsper day.
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Figure 6-21 SOURCES AND QUANTITIES OF SEWERABLE WASTE, NAS ALAMEDA
(Gallonsper day)
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APPENDIXA. TOXICOLOGICALANDRISK ASSESSMENT,NASALAMEDA

A.I DEFINITIONS OF RISK ANDECOLOGICALASSESSMENTSFORHAZARDOUS
CHEMICALS. A toxicant is a chemical agent that can produce an adverse
effect in a biological system. Such an adverse effect may be an
alteration of normal function or destruction of life. This definition
is broad since all chemicalsare toxic at some dose, i.e., all chemi-
cals are capableof alteringsome functionor producingdeath in some
biologicalorganism. While this statementmay seem obvious, it serves
to emphasizethe basis of risk assessment,i.e., those circumstances
and conditionsunder which an adverseeffect can be produced.

Risk is definedas the probabilitythat a substancewill produceharm
under specifiedconditions;i.e., it is a practicalconsiderationto
determinewhetheror not some harm will be elicitedfrom a specific
chemical exposure. Safety is the reciprocalof risk, or the probabil-
ity that a substancewill not produceharm under the specifiedcondi-
tions. Thus, when determiningthe risk or safetyof a chemical,the
critical factor is not necessarilythe intrinsictoxicityof the chem-
ical per se, but the likelihoodthat the level of exposureto the
chemic--a_F'_'ssufficientto expressits intrinsictoxicity.

In generalterms, then, the risk is approximatedby the equation:

R=TxE

where "R" is risk, "T" is toxicity,and "E" is exposure. More accur-
ately, the equationfor risk is equal to the toxicity as a function
(f) of the exposure,or:

R = Tf(E)

This better definesthe extrapolation,since under certainconditions
the risk is not always linearover the entire dose-responsecurve; and
since, dependingon how one definesfunction (f),thresholdor non-
thresholddose-responsecurves may be fitted to this equation. How-
ever, regardlessof how one choosesto expressthe risks to chemical
exposure,it is clear that: (a) the actualrisk is dependentupon

• both the toxicity (i.e.,hazard)and the exposure (i.e.,amount of
chemical)and (b) to change either alters the risk.

Therefore,one may approximatean assessmentof the risk or ecological
impactof a waste site by estimatingthe inherenttoxicitiesof the
mixturebased on the toxicitiesof the constituents,and then deter-
mine whether or not the site allows for unnecessaryor unwarranted
exposureto the environment.

A.2 ENVIRONMENTALHAZARDS. At least 50 differentchemicalsor chemi-
cal wastes with the potentialto cause adverseecologicalor health
impactshave been disposedof in either the landfillsor the seaplane
lagoon and the estuary. Any site could containfrom one up to 15
differentcarcinogenicchemicalwastes (see Table A-I). Similarly,
there are over 10 differentchlorinatedcompoundscapableof inducing
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Table A-I

CHEMICALS WITH CARCINOGENIC ACTIVITY

Asbestos

Benzene
0

Beryllium

Cadmiu_n

Chlordane

Chloroform

Chromium

Lead

Lindane

Mercury*

Nickel

PAHB

PL'Bs

Tetrachloroethylene

Trichloroethane*

Trichloroethylene

*May have carcinogenic activity
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liver/kidneydamage,as well as many organicsand severalmetals
capableof causing injuryto these organs. The number of toxic metal

_. wastes furthercomplicatesall exposuresbecause, in general, as
broad, cytotoxicpoisons,they shouldhave some increasedeffect on
the toxicitiesof the other chemicalspresent•

In short, the chemicalwastes listedon the followingpages are chemi-
cals whose acute toxicitieshave the potentialto adverselyaffect all
human functionsif excessiveexposureoccurs• Many of these chemicals
produceteratogenic,mutagenic,and carcinogenicresponsesin animal
test systems• Moreover,the magnitudeof the toxic chemicalspresent
and the large number of these chemicalswhich producesimilartoxici-
ties (e.g.,birth defects,cancer, liver damage,central nervoussys-
tem depression)is such that additiveand even synergisticincreases

• in toxicitymay be expectedand can be predictedfor many exposure
situations• For example,nickel is a metal carcinogenknown to syner-

' gisticallypotentiatethe lung cancer producedby asbestos,PAHs, and
viral cancers• Anotherexample is cyanideand ammonia;low levelsof
either potentiatesthe toxicityin fish of the other toxicant. Thus,
the probabilityof increasedtoxicityfor the mixed constituentsat
waste sites validatesthe need to lower those levelsconsideredto be
acceptableexposuresfor the chemicalsindividually•

A.3 CHEMICALFATE AND SITE EXPOSURES• As can be seen in Table A-2,
most of the chemicalsof concernare inherentlytoxic and are also
environmentallypersistent. The heavy metals, as elements,can never
be metabolizedor biotransformedby organismsinto a less toxic state.
In fact, certainorganismsmethylatesome of the metals, like mercury,
to a much more hazardousand environmentallydetrimentalform.

The chlorinatedchemicalsalso are quite persistent;lindaneand
chlordanehave half-liveswithin the environmentof severalyears and
PCBs have environmentalhalf-liveson the order of five to 10 years•
Under ideal conditions,the half-livesfor the chemicalsof concern
are very long. Site conditions,chemicalconcentrations,and the
toxicity of the mixture are such that, in many instances,microbial
degradationor photooxidationmay be decreasedor prevented;thus the
half-livesof the chemicalspresentmay be even longer•

' In additionto the persistencyof the chemicalspresent, some of the
disposalmethods employedallow for high transportwithin the environ-
ment, increasingthe impactsof these chemicals• Both the lagoonand

• the landfillsare in direct contactwith th_bay, and chemicalsin the
wastes disposedof there have direct accessto the aquatic life in the
bay via leachateand sediments•

The followingsectionsdiscussthe variousgroups of hazardousmate-
rials•

A.4 METALS• An importanttoxicologicalfeatureof all metals is
their abilityto bind electrondonatingmoieties (ligands)of cellular
macromolecules. Biologically,the most importantelectrondonors
are oxygen, nitrogen,and sulfur. Thus, the number of ligandsis

very large in proteinsbecausethey containmany differentelectron
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Table A-2

ENVIRONMENTALLY PERSISTENT CHEMICALS

Metals Inor_enics

Antimony trioxide Asbestos

Beryllium Fluoride (cadium and sodium salts)

Cadmium

Chromium (chromates) Or_anic,s

Many components of kerosene, diesel
Copper fuel, end gasoline

Hsnganese Polyaromatic hydrocarbons (PAHs)

Mercury Tear gas agents (CS and CS_)

Nickel

Silver

Chlorinated Or_anlcs

Chlordane

Chloroform

2,_-0

Oichlorobenzene

Fluorinated hydrocarbons

Lindens

Hethylene chloride

Polychlorinated biphenyls (PCBs)

Tear gas

Trichloroethane (methyl chloroform)

Tetrachloroethylene

Trichloroethylene
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donatinggroups (i.e.,-OH, -COOH, -PO3H2,-SH, -NH2, imidazole)
and becausemost proteinscontain so many of these metal binding

_. groups. Thus, metals are basic, and in a sense, nonspecificcellular
poisons. Poisonousmetals are toxic either by competingwith the
metal naturallypresentin the enzyme;by alteringthe charge on
structuresof the enzyme,therebyinactivatingor even precipitating
the protein;or by bindingto and removingimportantfunctionalgroups
(e.g.,sulfhydrylgroups).

Antimony. Animal studiesindicatethat inhalatoryexposureto anti-
mony trioxideleads to pneumonitisand fibrosis of the lungs as well
as degenerativechangesin the heart. Other routes of exposurehave
led to injury of the liver and kidneys. From human exposurestudies,
industrialinhalationhas resultedin reportsof irritationof the
respiratorytract, fatal pulmonaryedema, rhinitis,pneumonitis,
nosebleeds,pneumoconiosis,emphysema,and obstructivelung disease.
Other systemiceffectshave been reported. In one, a high rate of
mortalityand chronicheart diseasewas seen. Clinicalapplicationof
antimonyhas resultedin suddendeath as well as liver injury.
Moreover,electrocardiographicchangeswere reported.

Beryllium. Berylliumis used in alloys for electricalequipmentand
is present in some fluorophorsused in cathode-raytubes and fluores-
cent lights. (Most manufacturers,however,have discontinuedthe use
of these fluorophorsin fluorescentlamps.)

Berylliumappearsto inhibitcertainmagnesium-activatedenzymes. The
relationbetweenthis effect and the pathologicalchanges inducedby
berylliumis not well understood. Solubleberylliumsalts are
directly irritatingto the skin and mucous membranes,and induceacute
pneumonitiswith pulmonaryedema. At least part of the changespre-
sent in acute pneumonitisand chronicpulmonaryinflammationdevelop
as a result of hypersensitivityto the berylliumin the tissues. Upon
pathologicalexamination,fibroustissue growth is found at the site
of berylliumlocalization.

Followingtraumaticskin contact,cuts from beryllium-contaminated
objectsform deep ulcerationswhich heal slowly. Acute dermatitis

, from contactwith dust simulatesfirst- and second-degreeburns. Fol-
lowing eye contact,dust contaminationcauses acute conjunctivitis
with cornealdamage and diffuse irritation. Followinginhalation,
chronicpulmonaryberylliosismay develop,marked by weight loss and
difficultbreathingbeginningthree months to 11 years after first
exposure. In chronicpulmonaryberylliosis,X-ray examinationreveals
a "snowstorm"appearanceof the lungs. The diseasemay pursue a
steady downhillcourse,or may be marked by exacerbationsand remis-
sions. Right heart failuremay occur as a result of increasedpulmon-
ary resistance. Fever is variable. Followingchronic skin contact,
dermatitisand rash appear in a large percentageof exposedworkers.
In such persons,patch tests with dilute berylliumsolutionsshow pos-
itive reactions.

Berylliumis carcinogenicin three experimentalanimal species. The
_ epidemiologicalevidencethat occupationalexposuremay increase
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cancer is limited. Thus, berylliumis only considereda suspecthuman
carcinogenat present.

Cadmium. Regardlessof the route of entry, cadmium is found prin- _
cipallyin the liver and kidneys. Even though animal studiesseem to
indicatethat cadmium is an essentialtrace element, its principal
physiologicaleffectof concernis still its toxicity. Excessive
cadmiumexposure is of particularconcern becausecadmiumhas a long
half-lifeof eliminationin humans and, therefore,readilybioaccu-
mulates. With a half-lifeestimatedat 20 to 40 years, each dose, for
all practicalpurposes,should be consideredcumulativewith all pre-
ceding exposures. Blood levels of cadmium are usually less than one
microgramper 100 milliliters,but smokersmay have levels50% higher.
Excretionof cadmium is approximatelyone to two microgramsper day;
personsexposedto abnormallyhigh levels of cadmiummay excretemuch
higher levels.

When administeredorally,cadmium inducesvomiting at concentrations
of about 400 parts per million (23 milligramsper kilogram)in food,
or a total dose of about 15 milligrams. The estimatedlethal dose of
cadmiumfor man is approximately350 milligramswhenlingestedand
about two to 20 milligramswhen inhaled. Chronic inhalationexposure
leads to lung and kidney damage,generallyemphysema,while chronic
oral ingestioncauses kidney damage only. In addition,it is hypoth-
esized that higher than normal cadmiumexposuremay be a factor in
hypertension(high blood pressure). Other physiologicaldysfunctions
that may be associatedwith overexposureto cadmiumare abnormalliver
function,anemia,bone marrow changes, and nonspecificnervoussystem
symptoms, v

A wide varietyof substancescan modify the toxicologicalproperties
of cadmium. Those chemicalsaffectingabsorption(i.e., zinc, copper,
iron, and vitaminsC and D) all decrease cadmiumtoxicity. Selenium
also decreasesthe toxicityof cadmium.

Besidesthe toxic effectsmost often seen in man (e.g., lung and kid-
ney disease),animal studiesreveal the potentialfor other serious
and insidiouseffects. Low doses to rodentshave caused damage to the
ovaries and testicles. Cadmiumalso damages the placenta,and terato-
genic effectshave been observed. (Note that none of the above
effects have been verified in man.) In vitro tests reveal that cad-
mium can cause chromosomalaberration-_-a_crease the fidelity of
DNA synthesis. Numerousstudiesusing oral or inhalationexposures
have failed to demonstratean increasedcancer incidencein animals.
However,a possiblerelationshipbetween occupationalexposureto
cadmiumoxide and prostatecancer in man has been proposed. Cadmium
is consideredto be a "suspectcarcinogen."

Chromium IChromates). The fatal dose of solublechromate such as _:
potassiumchromate,potassiumbichromate,or chromic acid is approxi-
mately five grams. The thresholdlimit value (TLV) in air for chrom-
ium (determinedas chromicoxide) is 0.1 milligramsper cubic meter.
Up to 20% of chromiumworkers developdermatitis.

A-6



Chromiumand chromatesare irritatingand destructiveto all cells of
the body. In fatalitiesfrom acute poisoning,kidney damage is found.

_. The principalmanifestationof chromiumpoisoningis irritationor
corrosion. Followingingestion,dizziness,intensethirst, abdominal
pain, vomiting,shock, and kidneydamage may occur. Death results
from uremia. Repeatedskin contact leads to an incapacitatingderma-
titis, with edema and ulcerationwhich heal slowly. Breathingchrom-
ium fumes over long periodscauses painlessulceration,bleeding,and
perforationof the nasal septum,accompaniedby a foul nasal dis-
charge. Conjunctivitis,lacrimation,and acute hepatitiswith jaun-
dice have also been observed. The incidenceof lung cancer is in-
creasedup to 15 times higher than normal in personsexposedto dusty
chromite,chromicoxide, and chromiumores.

There is littleor no pertinentdata concerningthe teratogenicactiv-
ity of chromium. However,mutagenicitytests have been positive.
Hexavalentchromium is carcinogenicin rats, while tests with the tri-
valent form are inadequate. Chromiumis considereda human carcino-
gen.

Copper. Copper is widelydistributedin nature. While copper is an
essentialelement in most organisms,the range betweendeficiencyand
toxicity is low. Those organismsthat do not have an effectivemem-
brane barrierto controlthe absorptionof copper are particularly
sensitive. For example,algae, fish, and some invertebratesare sen-
sitive to copper becausethey invariablyabsorbhigher amountsof the
metal. For this reason, water purificationprocessinghas included
the use of copper to remove algae.

v
Copper is highly absorbedby the oral route, with more than 50% reach-
ing the bloodstream. Industrialexposureto copper dust or fumes may
cause irritationin the upper respiratorytract. Silicosis-like
histologicchangeshave also been reported. Investigationshave not
revealedthat this leads to chronic lung damage. The systemiceffects
are hemolyticanemia,kidneydamage, and liver damage.

Lead. With chronicexposure,g0% of the lead is localizedwithin the
_. Excretionof lead is slow and is largelyvia the kidneys. Lead
affectsseveralorgan systems,but the most sensitiveappearsto be
the blood. Lead impairsthe formationof red blood cells largelyby
inhibitinghemsynthetaseand delta-ALA-dehydratase;it also inhibits
CorproporphyrinogenIll oxidoseand its decarboxylase. Heme is also

= utilizedin cellularcytochromesand lead apparentlydecreasesthe
cellularcontentsof these importantmolecules.

One of the manifestationsof chronic lead poisoningis anemia,com-
bined in some cases with "stippled"red blood cells. Lead encephalo-
pathy (damageto the brain) is anothermajor featureof lead poison-
ing. Symptomsincludeheadache,giddiness,insomnia,amblyoPia,deaf-
ness, depression,stupor,tremor,mania, delerium,convulsions,
paralysis,ataxia,and coma. A neuromuscularsyndromecalled "lead
palsy"may also be evident. This syndromeis characterizedby weak-
ness or paralysisof the extensormuscles and is manifestedby the
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so-called"wristdrop" and "foot drop" features. Lead has also been
shown to cause kidney damage.

Daily ingestionof more than one milligramwill result in lead accumu-
lation and chronicpoisoning. The acute lethaldose to man is about
20 to 50 grams.

Lead is embryotoxicand teratogenicin animals, but apparentlyin man
the embryo-fetotoxicityexceeds the teratogenicsensitivity. Some
chromosomalaberrationshave been seen, but lead is negative in many
bacterialmutagenicitytests. There is evidencethat lead is an ani-
mal carcinogenin rodent species, inducingtumors in the kidney. How-
ever, there is insufficientdata to evaluate its human carcinogenic
potential.

Mercury. Mercuryis a liquid. Air saturatedwith mercury at 20°C
contains about 15 milligramsper cubic meter. At 40°C, saturatedair
contains68 milligramsper cubic meter. The fatal dose of mercuric
salts such as mercuric chloride is one gram. Ingestedmetallic
mercury is not as toxic, since it is not absorbedas well.

Mercurydepressescellularenzymaticmechanismsby combiningwith
sulfhydral(-SH) groups;for this reason, solublemercuric salts are
toxic to all cells. The high concentrationattainedduring kidney
excretioncan lead to specifickidney damage. In fatalitiesfrom
mercury poisoning,the pathologicfindings are acute kidney damage.
The mucosa of the gastrointestinaltract shows inflammation,conges-
tion, coagulation,and corrosion.

Alkyl mercurycompoundsare concentratedin the brain, resultingin
ataxia,tremors,and convulsions. Damagetends to be permanent.
Inhalationof mercury vapor, dusts, or organic vapors,or skin absorp-
tion of mercuryor mercury compoundsover a long period of time causes
mercurialism. Findingsare extremelyvariable and includetremors,
salivation,stomachpain, looseningof the teeth, blue line on the
gums, pain and numbness in the extremities,kidney damage, diarrhea,
anxiety,headache,weight loss, loss of appetite,mental depression,
hallucinations,and evidencesof mental deterioration. The lowest
concentrationsof methyl mercury in blood associatedwith identifiable
symptoms is 0.2 milligramsper liter.

Environmentalcontaminationfrom industrialdischargeof organic
mercurycompoundshas resulted in organicmercurialpoisoningfrom
eating fish from the dischargearea.

Mercury is a known teratogenand has demonstratedmutagenicactivity
in severaltests; therefore,carcinogenicactivitymay be suspected.

Nickel. Inorganicnickel in animalshas caused dysfunctionof the
th_-oTd, liver,and kidneys. In man, kidney damage has been observed
after accidentalindustrialexposureto nickel carbonyl. Inhalation
of nickel carbonylhas also resulted in lung and brain damage. Nickel
is an allergenand, in many cases of contact, dermatitisand sensiti-

zationhave been reported;femalesare more sensitivethan males.
Ingestednickelmay also lead to dermatitisin sensitiveindividuals.
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Nickel appearsto have a synergisticeffect on the carcinogenicityof
polycylicaromatichydrocarbons(PAHs),asbestos,and possiblysome

_- viral cancers. High doses of nickel affectnormal spermatogenesisand
fertility. Nickel is fetotoxic,but apparentlynot teratogenic.
Inhalationof nickel subsulphideor nickel carbonylhas inducedpul-
monary carcinomasin rodents. Intravenousinjectionsof nickel
carbonyl leads to carcinomasof the liver and kidney as well. Epi-
demiologicalstudiesconclusivelydemonstratean excess cancer risk of
the lung and nose for workers in nickelrefineries.

A.5 HALOGENATEDALKANES. The halogenatedalkanesare widely used in
industrybecausethey are excellentsolventsof low flammability. In
generalterms, these chemicalshave severaltoxicologicproperties.
They cause liver and kidney damage and act as a centralnervoussystem
depressant. Halogenatedalkaneexposuremay also sensitizethe heart

, to adrenalinsuch that increasedwork or stressmay lead to cardiac
arrhjrthmiaand cardiac arrest. In generalterms, increasingthe halo-
genationof the methyl or ethyl molecule increasesthe anesthetic
properties,liver and renal injury,and chronictoxicityof the com-
pounds. Unsaturateddouble bonds among the ethanecongenerslikewise
increasethese toxic effects. Brominatedcompoundstend to be more
toxic and strongerskin irritants,while fluorinatedcompoundsare
less irritatingand less toxic than the more commonly used chlorinated
compounds.

The chlorinatedalkanesin questionalways representan environmental
problembecausethey are water solubleand heavierthan water; thus

they collectfairly easily in water systems and elute throughsoils
• much faster than the largerchlorinatedhydrocarbons,such as DDT or

PCBs. The chlorinatedethanesform azeotropeswith water, a charac-
teristicwhich could influenceand increasetheir persistence. The
chlorinatedalkanesare metabolizedslowly by aquaticorganisms;thus
they are relativelypersistentpollutantsin an aquaticenvironment.
There is concernfor these chemicalsas environmentalwaste pollutants
becausethey have been shown to increasethe incidenceof liver tumors
during cancer assay in rodents.

Chloroform. Chloroformis far more toxic than methylenechloride.
While chloroformdoes not significantlybioconcentratein aquatic
speciesor biomagnifyalong the food chain into higher trophiclevels,
it is a relativelystable and persistentchemicalwithin the environ-
ment. Chronicexposurecan lead to liver and kidney damage in ani-
mals. The toxic effects attributableto chl6roformin humans include
local irritationof the skin, centralnervoussystem depression,
degenerationof the nervous system,gastrointestinalirritation,liver
and kidney injury,and cardiac sensitizationto adrenalin. The mean
lethaldose is approximately44 grams. Chloroformhas not yet been
shown to be a mutagen, but it is considereda suspecthuman carcinogen
based on an increasedtumorigenesisin animal studies.

FluorinatedHydrocarbons. The fluorinatedalkanesare more volatile
and more env'Ironmental'lypersistentthan the respectivechlorinated



analogs. The toxicitiesof the fluorinatedanalogs are qualitatively
similarbut quantitativelydissimilar. Acute cardio-nervoussystem
depressionis probablyhigher;cardiac sensitizationis possibly _
greater,while liver and kidney injury is probablyless.

MethyleneChloride. Methylenechloride is a volatilesolventwith
wide generalapplicationsas an aerosol propellant,paint stripper,
and degreasingsolvent. It is possiblythe least toxic of the chlori-
nated methanes,causing a "drunken"state of inebriationonly at high
vapor concentrations. In addition,it is only mildly irritatingto
the skin. Eye contact, though painful, is not likely to cause serious
injury. Animal studiesindicatethat methylenechloride is not likely
to cause kidney or liver damage,even after chronicexposures.

1,1,1-Trichloroethane(MethylChloroform). The toxic effects induced
in animalsby trichloroethaneare anesthesia,sensitizationof the
heart, and damage to the liver and kidneys. However,generallyhigh
concentrationsof the solventare needed to induce these effects. In
humans, inebriationand irritationare the principallyobserved
effects. There is no indicationof chronicdisabilitieswith chronic
human exposure. Trichloroethanewas negative in teratogenicstudies,
but is mutagenicin the Anes test. Its carcinogenicpotentialis in
questionand is being retested.

Trichloroeth_lene(TCE) and Tetrachloroeth_leneIPerchloroeth_leneor
PERC). The acute and chronicsystemictoxicitiesof these compounds
"_'_-similarto those mentioned above. NeitherTCE nor PERC were

teratogenicwhen tested. Both appear to have some mutagenicactivity
in the Ames assay and both have carcinogenicpotentialin mice.

A.6 CHLORINATEDORGANICS. These highly stable compoundsare environ-
mentally persistent,tend to bioconcentrateand bioccumulate,and are
chronicallytoxic. They generallyare centralnervous system poisons
at lethaldoses, but chronicexposure usually leads to liver damage.
Severalof these compoundsare carcinogenicin animal tests. Thus,
their persistence,bioaccumulativepotential,and chronictoxicity
(carcinogenicpotential)make these chemicalsamong the worst as
environmentalpollutants.

Chlordane. Chlordanehas caused death in man at doses as low as seven

grams and is more dangerousthan DDT. Chlordanehas caused the fol-
lowing toxic effects in animals: convulsions,stomach ulcers,damage
to the liver and kidneys,decreasedfertility,and a lower offspring
viability. It has mutagenic activityin cell cultures and yeast
tests, but is negative in the _mes and dominant lethaltest. Chlor-
dane is carcinogenicin mice.

2,4-O. The compound2,4-dichlorophenoxyaceticacid (2,4-D)is one of
te-'h"_-_'ostfamiliarchemicalsused as a herbicide. It exerts its herbi-
cidal actionby acting as a growth hormone in plants. It is only
moderatelytoxic in animal studiesand its environmentalresidue is
fairlywell toleratedfor short periods. The estimated lethaloral
dose in man is three to four grams. The acute toxicity causingdeath
in animals is believedto be ventricularfibrillation. Non-lethal
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doses cause profoundmuscularweakness and paralysis. Some liver and
kidney injury is seen in animalsexposedto high doses. This compound

_- has caused contactdermatitisin man.

Lindane. Lindaneis the gamma isomerof benzenehexachloride(hexa-
chlorocyclohexane).It can induceconvulsionsin acute poisoningsand
liver injury in chronicpoisonings. Lindanehas disruptedthe estrus
cycle and, therefore,fertilityin rodent tests and the viabilityof
the subsequentoffspring. No teratogeniceffectswere seen. Lindane
was not mutagenicin bacterial,yeast, or fruit fly tests, but has
been reportedto cause chromosomaldamage. Lindaneis carcinogenicin
mice.

Pol_chlorinatedBiphen_Is(PCBs). PCBs are highly persistentand
bioaccumulativeas pollutants. Their acute toxicity is low but their
chronic toxicitiesare very similarto the chlorinatedpesticides.
They are liver toxins with long-termexposure,and at high doses have
caused suppressionof the immune system,reproductivedysfunction,
birth defects, and liver tumors. PCBs are considereda suspectcar-
cinogen.

A.7 ORGANICCOMPOUNDSAND SOLVENTS. In general,the "organiccom-
pounds" are water insoluble,nonpolarmolecules. While variousfunc-
tional groups,such as amines,hydroxyls,halogens,carboxyls,etc.,
can be added to alter these two basic chemical properties,these prop-
erties result in two pharmacologiceffectsthat providethe basis of
their acute toxicities. Organicchemicalsin general act as anesthet-
ics (i.e.,they depressthe activityof the central nervoussystem)
and are irritantsto the eyes, respiratorysystem,and skin because
they are good solventsfor lipids (fat). Repeated and prolongedskin
contactwill dry and defat the skin, resultingin irritation,dermati-
tis, cell damage,and necrosis. Eye contactmay cause irritation,
tearing, and possiblypermanentdamage. Directcontactof liquid
hydrocarbonswith lung tissue (aspiration)can result in chemical
pneumonitis,pulmonaryedema, and hemorrhage. Both the anestheticand
irritantpropertiesof organic alkanecompoundsare increasedby
halogenationand unsaturateddouble bonds. Most functionalgroups
(e.g., amines,carboxylicacids, aldehydes,etc.) increasethe ability
of organicchemicalsto cause tissue damage (corrosivity).

The chronictoxicityof organicchemicalsvaries widelywith structure
and the functionalnon-carbongroups that are attached. These chronic
toxicitiesincludekidney,liver, heart, and lung damage;methomo-
globin formationin red blood cells and depressionof blood cell form-
ation; degenerativechanges in the nervoussystem; sensitizationand
allergicreactions;and mutagenic,teratogenic,and carcinogenic
effects.

PetroleumDistillates
i

The petroleumproductsdiscussedbelow representdifferentdistilla-
tion fractionsfrom petroleumrefiningand, as such, are actuallycom-
plex mixturesof many differentorganiccompounds. Gasolinealone

containsover 400 differentchemicalconstituents,some not yet
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positivelyidentifiedby chemicalstructure. Kerosene and diesel fuel
contain even more constituentsand even less of these have been posi-
tively identified. Stoddardsolvent is a mixture of aliphatichydro-
carbons,naphthenes,and benzenederivativesused extensivelyin _
degreasingoperationsand as a paint thinner.

The major componentsof the petroleumproductsdiscussedin this sec-
tion are branched and straightchain alkanesand alkenes,cycloal-
kanes, and a varietyof aromatics. To accuratelyidentifythe poten-
tial toxicitiescaused by such mixtures is an enormousand probably
impossibletask. lllesL_nmariesbelow are provided to enable an appre-
ciationof the potentialproblems and possible environmentalimpacts
associatedwith such compounds.

Alkylbenzenes(Toluene,Ethylbenzene,Xylene,Cumene,etc.I. These
chemicalsare liquidswith relatively low boi]ingpoints. They are
primarilyused as solvents and as intermediatesin the synthesisof
other compounds. Becauseof their high affinityfor lipids,these
compoundsare rapidly taken up by the central nervous system. With
acute exposure,anesthesiais usuallythe primaryproblem,but high
concentrationscan lead to cardiac arrhythmiaand are toxic to the
kidneys. Still,becauseof the high exposuresrequired,these com-
pounds are relativelynontoxic.

With chronicexposure,the harmfuleffects on the blood system seen
with benzenedo not occur. Chronictoluene exposure stimulatesthe
metabolisingcapacity of the liver and may increasethe toxicityof
other chemicals. Psychologicaltests of occupationallyexposed
workershave shown decreasedperformancein sensorimotorspeed,
psychomotorperformance,and visual accuracytests. Excessivechronic
exposureto toluene, such as "glue sniffing,"results in diffusedis-
orders of the cerebellarand cerebral functionsof the brain, includ-
ing a lack of coordinationand emotionalinstability. The other com-
pounds are similarin chemical structureand probably act similarly,
but less data have been reported for them.

These chemicalsdo not appearto be highlymutagenic; they are nega-
tive in the Ames and yeast tests. However, some chromosomaldamage
has been reported in animals. These chemicalsare embryotoxicand
some skeletal anomalieshave been reported. However, none of these
solventshas been proven to be teratogenic. Likewise,they are not
consideredto be carcinogenic.

Although the alkybenzenes,such as toluene, xylene,cumene, and
ethylbenzene,are major toxic water-solublecomponentsof petroleum,
only limitedeffort has been made to quantify their effectson aquatic
environments. Aquatic toxicitytests reveal lethalityin fish in the
several ppm-range,but their volatilitysomewhatlimits their expected
impacton aquaticlife. They do bioconcentrate,but are rapidly elim-
inatedwhen the exposureceases. At hundreds to thousandsof ppm,
these compoundsare antibacterial.

Benzene. Benzene is a colorless,volatile liquidwith a rather plea-
sant odor. It should be distinguishedfrom benzine, a petrole=n
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distillatecontainingmixed hydrocarbons(such as pentane and hexane)
in uncertainproportions. Benzeneis present to some extent in most

_. gasolines,and is a comon ingredientof paint and varnishremovers.
Notwithstandingits insidioustoxicity,benzenecontinuesto be exten-
sively used in the petroleum,explosive,plastics,pesticide,and
other industries.

Benzeneis toxic when it gains accessto the body by any route.
Inhalationof a high concentrationof benzenemay cause exhilaration
followedby drowsiness,fatigue,vertigo, nausea,and headache. With
higher concentrationsor longer exposuretimes, convulsionsfollowed
by paralysisand loss of consciousnessmay result. High concentra-
tions of benzene are irritatingto the mucous membranesof the eyes,
nose, and respiratorytract. Liquid benzene is irritatingto the
skin, and direct contactof liquidbenzenewith the lung (aspiration)
will cause severe pulmonaryedema and hemorrhagewhich may be fatal,
dependingon the vol_e aspirated. Pathologicalfindingsfrom benzene
inhalationincludeacute granulartracheitis,laryngitis,and bronchi-
tis; massive hemmorhageof the lungs;congestivegastritis;acute
congestionof the kidneys;and marked cerebraledema.

In cases of chronic poisoningfrom inhalation,the major toxic mani-
festationsresult from the action of the poison on the bone marrow.
Significantchromosomalchangeshave also been reportedafter chronic
benzeneexposure• The toxic effectsof chronic poisoningmay not
become apparentfor months or even years after the initialcontact
with the chemical. Indeed,they may appear after all exposurehas
ceased. Symptomsof chronicexposure includeanemia,petechiae,and

_# abnormalbleeding. The anemiamay progress to complete aplasiaof the
bone marrow.

Death from benzene-inducedmyeloid leukemiahas been reported.

Hexane,Heptane_and Higher Alkanes. At moderate air concentra-
tions, these s{mpl'estraightchain organicscause dizziness,giddi-
ness, hilarity,and uncoordinationwhich may progressto complete
respiratorydepressionand death. At higher concentrations,central
nervoussystem depressionmay progressso rapidlythat selective
depressionwithin the brain leads to convulsionsand death. Hexane is
metabolisedto a specifictoxicantthat produces a degenerativenerve
disease.

• High acute or chronicexposureto the higher carbon alkanesand
alkenesis consideredhazardoussince severe,acute hydrocarbonintox-
icationmay cause centralnervoussystem sequelae. There is little
doubt that in most cases of acute hydrocarbonintoxicationin man,
recovery is complete. However,large amountsof hydrocarbonscarried
by the blood to nerve or brain tissuemay cause chemical irritation.
This is followedby the chain of events of the inflamatory reaction
that may ultimatelyleave scarring in a small but delicate area of the
brain. This may be the focal point for cerebraldysrhythmia,result-
ing in convulsionsor seizuresmonths after the initialsevere acute
exposure.
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Lubricatin_Oil. While considereda relativelyharmlessproduct,
motor oils contain PAHs and other mutagenicand carcinogenicsub-

stances at relativelylow concentrations(ppm). However,with normal _
use, the amount of mutagenicactivity (and thus the risk Of carcino-
genicity)dramaticallyincreasessuch that disposal poses an ill-
definedenvironmentalproblem.

Naphtha. Naphtha is anothermixture of organiccompoundsfor which
narcosis (depressionof centralnervous system); irritationof eyes,
throat, and skin; liver and kidney damage; and various lung problems
may develop dependingon the exposure.

Naphthalene. Inhalationof naphthalenevapors causes headache,con-
fusion, nausea,and profuseperspiration. Severeexposuresmay cause
optic neuritis and humaturia. Cataractshave been producedexperi-
mentally in rabbitsand one case reported in humans. Naphthaleneis
an irritantand hypersensitivityhas been reported.

PolynuclearAromaticHydrocarbons(PAHs). Absorptionof PAHs via all
routes of exposure is high becauseof their high lipid solubility.
PAHs distribute largelyto the fat and fatty tissues, such as the
liver. At high doses, the acute toxicityof PAH compoundsresults in
widespreadand often severe tissue damage (e.g.,adrenalnecrosis,
damage to the lymphaticand hematopoietictissues,thymus degenera-
tion, injury to intestinalepithelium,and testiculardegeneration).
Applicationof PAHs containingmaterial such as coal tar, mineral
oils, or petroleumwaxes is known to cause dermatitis and other skin
disorders. It has also been demonstratedthat the PAHs with

carcinogenicactivityhave immunosuppressiveeffectson animals.
Severalof the PAH compoundshave demonstratedhighly mutagenicchar-
acteristicsinthe Ames assay and in mammaliancell culture systems.
The most seriousadverseeffect of PAHs is their carcinogenicity.

Some of the polycyclicaromatichydrocarbonsare unique among hydro-
carbons in possessingthe propertyfor inducingnew or abnormalgrowth
in tissue. The discoverythat the repeated applicationof certain
chemicalsto the skin of mice and rabbitscauses tumors is of great
practicalimportancesince many industrialchemicalscome in contact
with the skin of workers. The repeatedtopical applicationto the
skin of experimentalanimalssimulatesthe manner of contact in indus-
try. Furthermore,the fact that coal tar, shale oils, coal pitch,
certainunrefinedmineraloils, and other materialsare known to cause
skin cancer in man magnifiesthe significanceof the finding that a
chemicalproduces a tumor by repeated applicationto the skin.

In recent times, numerousPAHs have demonstratedcarcinogenicpoten-
tial in skin paintingexperiments. PAHs have also demonstratedin
animal studiesthe abilityto induce lung tumors if inhaledand to
cause cancer in variousparts of the body if ingested.

SpecialConsiderationsfor Petroleumand Fuel Products.

• Variationof ConstituentsBetweenFuel Samples. ll_evariabil-
ity of constituentsin fuels, such as gasoline,kerosene,and
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diesel fuel, has alreadybeen stated. It should be emphasized
here that differentblends that make up a given fuel, each

_- with differentspecifications,are used for differentgeo-
graphicalareas and for differentseasonsor climaticcondi-
tions. Thus, great quantitativedifferencesexist in the
constituentmakeup of differentsamplesof fuels.

Additivecompositioncan also vary betweenfuels. An obvious
example is the differencebetween leaded and unleadedfuels.
Not only can leaded fuels containtetraethyllead or tetra-
methyl lead, but dichloroethaneand dibromoethaneas well in
order to preventthe lead from foulingthe engine. In
unleadedfuels, methylcyclopentadienylmanganesetricharbonyl

• is used as an antiknockadditive and is requiredfor use in
all automobilesequippedwith catalyticconverters. In addi-
tion, alcoholsare added as a fuel conservationmeasure.

e Effectof ComplexMixtureson the Toxicity of Individual
Constituents. It must 'berememberedthat toxicityexpressed
by an individualconstituentin a complexmixture can be dif-
ferent than the toxicityexpressedby the same individualcon-
stituentalone.

In a given sample of fuel, such as diesel fuel, there are sub-
stancespresentwhich can alter the toxicityof individual
constituentsof the sample and may even alter an organism's
responseto toxic constituentsfrom other sources. Thus,

there can be an enhancement, inhibition,or introductionof a
toxic property,such as chemicalcarcinogenicityby individual
constituentsnot possessingthe toxic propertythemselvesbut
influencingthe expressionof toxicityof some other initiat-
ing constituent. This is only one of many types of possible
interactionsbetweenconstituentsin alteringexpressionof
toxicity.

For example,in one experiment,decane, undecane,tetradecane,
and hexadecanewere tested for cocarcinogenicproperties. The
carcinogen(initiator),benzo(a)pyrene,was appliedto the
skin of the mice concomitantlywith the N-alkanes. The
decane,undecane,and tetradecaneenhancedthe formationof
skin t_ors, but the hexadecaneinhibitedthe formationof

. skin tumors. In a second study, it _as demonstratedthat
dodecanecan act as a cocarcinogenwith certainchemicalcar-
cinogens and as an inhibitorof chemicalcarcinogenesiswith
other carcinogens.

• Minor Constituentsin Fuels Causin9 Major Toxicity. In some
instances,the minor constituentsmay be responsiblefor major
toxicityin complexmixtures. First,minor quantitativecon-
stituentsof a fuel may get incorporatedinto an environmental
system under study more readilythan major quantitativecon-
stituentsof the fuel upon contaminationof that environmental
system. Thus, a minor quantitativeconstituentof a fuel may
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become a major persistentquantitativeenvironmentalcontami-
nant.

For example,when diesel fuel is mixed with seawater,the =_
principalpersistentwater solublecompoundsare aniline-
alkylanilines,alkylphenols,and indole-alkylindoles.These
compoundsare not consideredthe principalmajor constituents
of diesel fuel. However, they are the principalconstituents
of the water solublefractionof diesel fuel. Most edible
fish will come into contactwith only the water solublefrac-
tion of diesel fuel upon a seawaterspill.

The second factor is that minor quantitativeconstituentsmay
be responsiblefor a major quantitativetoxicity in a complex
mixture, such as a fuel or a crude oil. It has been well
establishedthat some of the principalmutagenicand carcino-
genic constituentsin crude oils are not necessarilythe prin-
cipal quantitativeconstituents. In naturalcrude oil, one of
the principalclasses of compoundsresponsiblefor mutagenic-
ity and carcinogenicityin experimentalstudiesare the PAHs
of four rings and greater. The PAHs thought primarilyrespon-
sible for the experimentalmutagenicityand icarcinogenicityof
naturalcrude oil and its higher boiler fractionsare thought• i

to consist of benzanthracenes,dlbenzanthracenes,substituted
anthracenes,benzopyrenes,benzofluorenes,pyrene, subtituted
pyrenes, and chrysenes. For the fuels mentioned above, the
relativemagnitudeof PAH content is as follows: diesel fuel
> kerosene--gasoline.

V• ChemicalTransformationof ConstituentsDue to Environmental

or Other Action Enhancin9 or ModifyingToxicity. Once a fuel
or petroleumproductcontaminatesthe environment,a number of
chemical transformationscan occur which can enhanceor other-
wise modify toxicity. If a fuel ignites,the formationof
mutagenic and carcinogenicPAHs will result. PAHs are formed
by incompletecombustionof organicmaterial. Therefore,PAHs
are formed with fossil fuel combustionsuch as occurs in power
plant operations,motor vehicleoperation, and home heating.
PAHs are producednaturallyby the decompositionof organic
matter in soil. Kerosene soot possessespotent mutagenic
activityand has been demonstratedto contain known carcino-
gens.

Photochemically-transformedproductsof oils have been demon-
stratedto have increasedtoxicity over the non-transformed
parent oil. Photooxidationof diesel fuel, as from sunlight
strikingan oil sump or sheen on water, results in production
of water solublecompoundsmore toxic to yeast, algae, fish,
and shrimp than water solublecompoundsfrom nonirradiated
diesel fuel.

• Conclusionsand Summary. The entire toxicityspectrumof all
constituentsof gasoline,kerosene,and diesel fuel is enor-
mous. The constituentsof gasolineand particularlykerosene
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and diesel fuel have not yet been completelyelucidated;thus
predictivetoxicitiesand interactionsto be made are not yet
complete. Synergisticand antagonisticactionsof the indi-

_" vidual constituentsof gasoline,kerosene,and diesel fuel on
each other'sresPectivetoxicitiesmay be significant. The
toxicitiesof these complexhydrocarbonmixturesmay in some
cases bear littlerelationshipto a simple additivetoxicity
of individualconstituents. The toxicityof the whole fuel or
a particularfractionof the fuel may be of greaterimportance
than the toxicitiesof the "major"constituentsbecause cer-
tain fractionsare more likely to enter the environment. Upon
entering a particularecosystem,the constituentsof a fuel
may undergodramaticchanges in chemicalcompositiondue to
environmentalchemical actionsthat can drasticallyalter tox-
icity. In fact, the environmentally-alteredchemicalconsti-
tuents may possesstoxicitiesnot originallypresentin the
parent fuel. Lastly,the toxicityor impact of these mixtures
may be alteredby proprietaryfuel additives.

A.8 MISCELLANEOUS.

Acids and Acid-LikeCorrosives(H_drochloric,Nitric, Phosphoric,and
Sulfuric). Acids and acid-likecorrosivesare used for cleaning
metals and other products,as well as in a variety of chemicalreac-
tions. Corrosiveacids destroytissuesby direct chemical action.
The tissue protein is precipitatedand coagulatedin concentrated
acid. The intensestimulationby acid also causes loss of vascular
tone by corrosionand irritation. The principalmanifestationof acid
poisoningis corrosion. Besidestheir corrosivenature and 4ncompati-
bility with certainchemicals,the disposalof these substancesrepre-
sents the obviousenvironmentalproblemof creating pH changesthat
may be lethal to the affectedorganisms,e.g. fish.

AmmoniumNitrate. Ammoniumnitrate is an oxidizingagent Capableof
undergoingdetonationif heated within a confined space or subjected
to shock. The nitrogenoxide gases emittedfrom decompositionare
extremelytoxic and are very corrosiveto the lungs.

Asbestos. "Asbestos"is a common name for a large group of hydrated
silicatesthat, when crushedor milled, separateinto flexiblefibers.
When depositedin the lungs, asbestosfibers produce interstitial
fibrosis,bronchogeniccarcinoma,and mesothelialtumors. Tumor pro-

. ductiongenerallyhas a long lag time of about 30 years. Lung cancer
is greatlyincreasedin smokers. The mechanismof cancer is not
clear, but the physicalform is vital and may result from chronic
irritationand injury to tissues.

Blastin_Grit. The blastinggrit is probablycomposedof primarily
inert compoundssuch as silicates. As such, these compoundsprobably
(withoutexact identificationof the exact chemicalcomposition)
representonly an inhalationhazard. Silicosisis an irreversible
lung diseaseresultingfrom chronic exposureto silica-and silicate-
containingdusts. Therefore,proper disposal and dust control
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measures should be appliedto any piles of spent grit to preventdust
problems.

Chloroacetophenone(Tear Gas CS and CSC). A strong irritantto eyes, =_
chloroacetophenonemay cause b|_stersto skin. High concentrations
may cause burns and loss of eyesight. Little is known concerningits
chronic toxicity. It is quite stable,but can decompose (hydrolyze)
to yield hydrochloricacid.

Creosote. Creosoteis largely a mixture of aromaticsand phenols
obtained from distillatesof either wood tar or coal tar. It is used
to protectwood and as a disinfectant,insecticide,fungicide,and
germicide. For a discussionof its toxicity,see the discussionon
phenolsbelow.

Cres_lic Acid (H_droxTtolueneor CresolI and Phenols. Phenolsand
_Iosely relatedmetnylor alkyl phenols are relativelytoxic chemi-
cals. Phenolspresumablyexert their germicidalaction by denaturing
protein. The protein-phenolcomplex is a loose one. Therefore,
phenol is diffusibleand penetratesinto tissues. These compounds
have a markedlytoxic action,and because of their penetrability,
affect even the unabradedskin.

Phenol stimulatesand then depressesthe centralnervous system. In
man, brief stimulationis observed,and the prominenteffects are
those of centralnervoussystem depression. The circulationis also
markedly depressedby phenol. The blood pressure falls, partly as a
result of centralvasomotordepression,but mainly due to a direct
toxic action of Phenol on the myocardiumand the smallerblood ves-
sels.

Phenol is a powerfulantipyretic. The toxicity of phenol can be put
into some perspectiveby noting that its TLV for workroom air is less
than that of cyanide.

CyanideSalts (Copper)Potassium,Silver_Sodium). Cyanide is com-
monly found in rat polsons,silver and metal polishes,photographic
solutions,and fumigatingproducts. Cyanide is readily absorbed
through all routes, includingthe skin, althoughalkali salts of
cyanide are generallytoxic only when ingested. Salts exposed to
acids or acidic conditionsare particularlyhazardousbecause cyanide
gas is generated. Cyanide is freely soluble in water. Its adverse
environmentalimpact stems largelyfrom the fact that it is a potent
poison.

Dichlorobenzene. Dichlorobenzeneis a moderate irritantwhich can
cause sensitizationor allergicreactionsand is absorbedvia the
skin. It leads to liver damage systemically. Toxic gases, such as
hydrogenchloride,are emittedwhen burned.

Dimethylaniline(Xylidine). Amines are highly corrosiveand tissue
aamaglng agents. (heyare significantlyabsorbedthroughthe intact
skin, and their dermal toxicity is similarto their oral toxicity.
Dimethylaniline,like many amine compounds,causesmethemoglobin
formationin red blood cells. Methemoglobinis an oxidized state -_
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hemoglobinthat renders it incapableof carryingoxygen. Dimethyl-
anilinealso depressesthe centralnervoussystem.

_ EthyleneGlycol. Ethyleneglycol appearsto be considerablymore
toxic to humans than to other species. The lethaloral dose in man is
about 100 milliliters. Ethyleneglycol is metabolizedin the body to
oxalate,which precipitatesin the kidneysand bladder as stones.

Fluorine and Fluorides. Both fluorineand hydrogenfluoride are gases
at normal temperatures. Fluorineis used in organicsynthesis.
Hydrogenfluoride is used in the petroleumindustryand in etching
glass.

Skin or mucous membranecontactwith hydrogenfluorideproducesdeeply
penetratingskin burns. Neutralfluoridesin i to 2% concentrations
will cause inflammationand damage of mucous membranes, including
brain edema, lung edema, and degenerationof liver and kidneys. The
principalmanifestationof fluorine and fluoridepoisoningis corro-
sion. In chronicexposure,X-ray evidenceof bone thickeningand
calcificationof ligamentsis indicativeof fluorosis. In severe
fluorosis,both red and white blood cell counts may be diminished.

Peroxides(Benzoyland Methyl Ethyl Ketone). These compoundsare
highly flammableand exploslve. Fhey are unstableto heat and sensi-
tive to impactand friction,and should not be mixed with organic
material. Their reactivenature classifiestheir toxic reaction
largelyas irritantsto mammalianspecies.

PotassiumPermanganate. The acute and chronictoxicitiesof potassium
permanganatehave not been well studied. It is a relativelystrong
oxidizingagent and is thus potentiallyexplosivewhen mixed with many
of the above organicchemicals. Its generalreactivityand oxidizing
actionon biologicalmaterial shouldmake it toxic and lethalto most
tissues and organismsin sufficientconcentrations.

Sodium Hydroxide,Alkalies,and Phosphates. Sodiumhydroxideand
other alkalies and phosphatesare used in the manufactureof soaps and
cleansersand in chemicalsynthesis. The alkaliescombine with pro-
tein to form proteinatesand with fats to form soaps, thus producing
soft, deep destructionin tissue areas contacted. The solubilityof
these productsallowsfurther penetration,which may continuefor
severaldays. Besidestheir corrosivenature and incompatibilitywith
certainchemicals,the disposalof these substancesrepresentsthe
obviousenvironmentalproblemof creating pH changes that may be
lethal to the affectedorganisms,e.g. fish.

Sodium Hypochlorite. Sodiumhypochloriteis the active ingredientin
bleach. The solid form is unstable,and anhydroushypochloriteis
explosiveand may cause ignitionwhen it comes into contactwith
organicmaterials. It is a strong irritantand corrosive-likemate-
rial, causingblisteringand perforationof exposed surfacesif swal-
lowed. Concentratedsolutionsshould act as a sterilantand disinfec-
tant to the exposedsoil or water.
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Table A-3 lists variousproduct categories(e.g., cleaners,thinners,
etc.) as well as the likelycomponentsof these products. All of the

chemicalconstituentsmaking up these products have been discussed, =_
except those for soaps. The environmentaland health impactsof these
productscan be estimatedfrom the combinedeffects of their constit-
uents.

.o

w#
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Table A-3

CHEMICALSCOMMONLYFOU_ IN MOST
BRANDSOF COHHERCIALPRODUCTS

Product Active Chemical Composition

Cleaning compounds Ammonium, sodium, and potassium
hydroxides; sodium hydrochlorite;
trisodium phosphate; detergents
and surfactants

Paint removers, acrylic and epoxy Methylene chloride; toluene;
benzene; acetone; alcohols; sodium
phosphate; sodium silicate; sodium
hydroxide

Shellac, varnish, lacquers, and Methanol; acetone; toluene, xylenes;
their thinners turpentine; petroleum distillates;

ketones; butyl acetate

Penetrating oil Benzene; toluene; light petroleum
_IW oils ..

Solvent Hydrocarbon solvents consisting of
paraffinic, naphthenic, and aromatic
compounds

Mold release liqulds Silicone polymers

Rust and corrosives inhibitors* Chelsteing compounds such as EDTA

Oescaling compounds* Acids

Carbon removers* Petroleum distillates

• Detergents Linear slkyl sulfonates; benzene
alkyl sulfonstes; and other wetting
agents

*Additional investigation recommended.

Note: Lacquers are coatings that dry by solvent evaporation.
Varnishes dry by polymerization. Shellac is a natural lacquer.
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APPENDIXB. VERIFICATIONPHASESPECIFICATIONS

_._ The groundwatersample boringsmay be dug with any suitableauger,
such as a boringmachine of the type used for installingtelephone
poles. If necessary,a temporarycasing and screen can be installed
to keep the sides of the hole from collapsingduring the sampling
operation. The boringsshould be dug to a depth of five feet beneath
the water table or to a depth equivalentto the lower low tide eleva-
tion, whicheveris less. In order to avoid cross contaminationfrom
boring to boring,the drillingequipmentshouldbe properlyrinsed
betweenholes.

With the exceptionof that portionof the sample taken for volatile
organic analysis (VOA),the groundwatersamplemay be removedfrom
the boring using any availablesamplingdevice, providedthat the
devicecan be adequatelyrinsed betweensamplingsto avoid cross con-
tamination. VOA samplesshouldbe taken with a bottom-fillingbailer
in a manner that minimizessample disturbance.

The same proceduresmay be used to sample existingold wells, with the
followingexception. Immediatelyprior to sampling,a volume of water
should be pumped from the well equivalentto at least five static well
volumes. This pre-samplingvolumemay be computedby the following
formula:

V = 0.204 D2(L1 - L2),

where

V = volume in gallons,

D = inside casing diameterin inches,

LI = total lengthof casing and screen in feet, and

L2 = depth to staticwater level in feet, as measured from the
top of the casing.

As an example, if the casing and screen length of a two-inchdiameter
well is 30.5 feet, and the depth to the staticwater level from top of
casing is 24.63 feet, the volume of water to be purged from the well
prior to samplingwould be:

r

V = 0.204(2)2(30.5- 24.63) = 4.79 gallons.

This procedurehelps to insurethat the water sampledis representa-
tive of the groundwaterenvironmentsurroundingthe well and not of
the initialstagnantwater in the well.

With the exceptionof the VOA portionsof the samples, all samples
should be filtered in the field using a O.45-micronfilter. Sample
preservationprocedures,containertypes, shippingprocedures,and
analyticalproceduresshould be consistentwith procedurespresented
in the most recent editionof the AmericanPublic Health Association's
Standard Methodsfor the Examinationof Water and Wastewater.
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APPENDIX C. CHARACTERIZATIONPHASE SPECIFICATIONSFOR
WEST BEACH LANDFILLAND 1943-1956DISPOSALAREA

The purposeof the recommendedsamplingprogramis to identifythe
contaminantsmoving via groundwaterfrom the sites and to Quantifythe
loadingrates for each contaminantidentified. The contaminants
should be identifiedby installing20 samplingwells, equallyspaced
along the downgradientperimeterof the sites. Each well shouldbe
installednear the water'sedge (within50 feet) and screenedfrom a
depth of three feet beneaththe ground surfaceto a depth equal to
approximatelyfive feet below the lower low tide level (total average
well depth would be approximately15 to 20 feet). Each well should be
installedusing hollow stem auger techniques.

. Continuoussplit-spoonsamplesshould be taken at each location. A
geologiston-siteshould carefullylog each sample,noting blow counts
and percentrecovery. Representativesamplesfrom each hole should be
bagged and taken to a laboratoryfor particlesize analysis. The mon-
itoringwell, installedthroughthe hollow stem augers,should consist
of 1.25-inchinside diameter. Schedule40 or 80 polyvinylchloride
(PVC) casing and screen (threadedflush joint type for both casing and
screen,no glue allowed)should be used. The screen slot size should
not be largerthan 80 and shouldbe factory slotted.

The sandpackshould consistof clean Ottawa-typesilica sand and
should extend for the full length of the screen. The last three feet
of the hole should consistof a one-foot bentoniteseal atop the sand-

W_# pack and a two-footconcrete plug to the ground surface. A four-inch
protectivecasing with a lockingvented cap should be installedaround
the 1.25-inchcasing and anchored in the cement. The earth surround-
ing this protectivecasing shouldbe sloped up to the casing (and
maintainedin that configurationfor the durationof the project)so
that no rainwatercan pond up in the immediatevicinityof the well.

After installingeach monitoringwell, the on-site geologistwill
determinewhere, in the three-footto eight-footdepth beneaththe
water table, the most permeablestratumoccurs. (This should be done
by examinationof the split-spoonsamples.) Another 1.25-inchper-
meabilitytest well, with a one-foot screen,should be installedto
that depth, within five feet (laterally)of the monitoringwell. A
sandpackshouldbe placed aroundthe screen from the bottom of the
hole to six inches above the screen. A three-footbentoniteseal
shouldbe placedover that, and the remainderof the annular space
filled with cuttings. Casing specificationsshould be the same as for
the samplingwells describedabove. A protectivecasing, lockingcap,
or concrete seal are not necessary. After use (describedbelow),the
casing should be removedand the hole filled with cuttings.

Both monitoringwells and permeabilitytest wells shouldbe fully
developedbefore use. The purposeof this is to maximize the communi-
cation betweenthe well and the surroundingaquifer. Generally,this
is accomplishedby pumping large quantitiesof water from the well
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until the water runs clear, indicatingthat no fine-grainedmaterials
are presentthat could clog the sandpack. A certain amount of judg-
ment must be exercisedin the field, since it is possiblethat the _
wells may be installedin fine-grainedmaterials such as silts and
clays. In any case, the purposeof developmentis to achieve aquifer
communication. Any non-chemicaltechniquethat works would be satis-
factory. Note that these wells should be sufficientlyshallowto
allow the use of vacuum-typedevices such as pitcher pumps, peris-
talsic pumps, or centrifugalpumps.

Before samplingthe monitoringwells, the static water level in the
casing should be recorded,accurateto +0.01 foot. The static volume
of water in the well should then be com_uted and a volume of water
withdrawnequal to 10 staticvolumes; in no case shouldmore water
than can be removedfrom the well in a one-hour period be withdrawn.
This purgingprocesscan be accomplishedby using a peristalsicpump.
The pump should then be used to take the sample. The sample line
should consistof Tygon tubing and should be changedfrom one will to
the next.

Both a slug and a bail test should be run on each permeabilitytest
well. The procedureto be used is describedon pages 339 to 342 of
Groundwater,a textbookwritten by R. Allan Freeze and John A.
Cherry,publishedin 1979 by Prentice-Hall,Inc., of EnglewoodCliffs,
New Jersey. Care should be taken to run the test for a sufficiently
long time so that curve extrapolationis minimized. After the tests
for each well are analyzedand the results found to be satisfactory,
the wells should be removedaccordingto the directionsgiven above.
If the results areunsatisfactory, anothertest attemptshould be made
before well removal.

Each monitoringwell should be sampled on a monthly basis for a period
of one year. Preferably,the one-year period should not begin during
the months of DecemberthroughMay, the rainy season,since it is
desirableto conductthe samplingthrough one contiguousrainy season.
It would be preferableto begin the study in the fall, continuing
through to the followings_mmer.

Samplesshould be analyzedfor contaminantsidentifiedduring the
verificationphase of the confirmationstudy.

In order to determinegroundwaterrecharge into the site during the
samplingyear, a four-inchinside diameterPVC well should be in-
stalled in a suitablelocationin the center of the site. This well
should be slottedup to three-feetof the ground surface,should pene-
trate to a depth equal to the lower low tide level, and should be
installedand sandpackedinto an open hole drilled by an eight-inch
outside diameterhollow stem or solid stem auger. A simple stage
recorder (floattype), along with a suitable instrumentshelter,
should be set up at this well to continuouslyrecord water table fluc-
tuation. A continuouslyrecordingrain gauge (tippingbucket type or
weighingtype) should be installedadjacentto this recorder. For the
duration of the study, the instrumentsshould be checked on a weekly

basis. The smallesttime divisionson the chart paper (or equivalent)
to be used should not exceed two hours. °
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All well top elevationsshould be surveyedrelativeto the base datum
to an accuracyof +0.01 foot. During each of the monthly sampling
runs, the static wa--terlevel elevationsof each of the existingwells

_- should be recorded.
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APPENDIXD

PLANT AND ANIMAL SPECIES

IN THE NAS ALAMEDAAREA

D-l



Table D-1

BIRDS OF THENAS ALAMEDAREGION

CommonName Scientific Name '_ _

Eared grebe (W) Podiceps cespicus
Red-throated loon (W) Gavia stellata

Piebilled grebe (R) Podil_mbus podiceps
Western grebe (W) Aechmophorus occidentalis
Doublecrested cormorant (R, W) Phalacrocorex auritus
Great blue heron (R) Ardea herodiaa

Commonor American egret (W) Caamerodius albus

Snowy egret (R, W) Leucopho_x thul.._....aa

Canvasback (W) At._valisineria

Lesser scaup (W) _ affinis

Greater scaup (W) Aythya marila

Con_nongoldeneye (W) Bucephala clanqula

Bufflehead (W) Bucephala albeola

White-winged scoter (W) Melanitta deqlandi

Surf scoter (W) Melanitta perepicillata

Ruddy duck (R) Oxyura jamaicensis

White pelican (M, W) Pelecanus er_throrh_nehos
American coot (R) Fulica americans

Killdeer (R) Charadrius vociferus

Semipalmated plover (M) Charadrius semipalmatus
Snowy plover (R) Charadriua alexendrinus

Co_on snipe (W) _qallinsqo

Black-bellied plover (M, W) Sguatarola sguaiarola
Long-billed curlew (M, W) Numenius _mericanus .

Hudsontan curlew (M) Numenius phacopus
Wilier(R, W) Catoptrophorus semipalmatus
Least sandpiper (M, W) Erolia minutilla

Ounlln (M, W) Erolia alpine

Western sandpiper (M, W) Ereunetes mauri

Short-billed dowitcher (M, W) Limnodromus _riseus

Marbled godwit (M, W) Limosa fedoa

Black turnstone (M, W) Areneria melanocephals
Avocet (R) Recurvirostrs americans

Black-necked stilt (R) Himantopus mexicanus

Northern phalarope (M) Lobipes lobatus
Western gull (R) Larus occidentalia

Herring gull (W) Larus argentatus
California gull (W) Larus californicus

Ring-Billed gull (W) Larus delawarenis

Bonaparte's gull (W) Larusphiladelphia

Glaucous-Winged gull (W) Larus. glaucescens
Foreter tern (M, W) Sterna forsteri

Caspian tern (R, W) HydroDroqne caspla

Key" (R) = Resident
(W) = Winter
(S)= Summer
(M) = Migrates through

Source." Environmental Assessment Engineering, June 1974, Preliminary
Su_iasion Candidate Environmental Impact Statemen_t for
Ore_e 50o_i operations at the Naval Air 5tatlonf Aiamedaf
Californ'_a. l
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Table D-2

. INVERTEBRATESIDENTIFIEDIN WATERSAD3ACENTTO NAS ALAMEDA

Nemeratea

Anopla

Unidentified species

Annelida

Polychaeta (segmented worms)

Aaychis amphiqlypta

Cir_iformia spirabrancha
Cirratulus cirratus

Dorvillea _racilis

Gl_cindea_igera
Haploscoloplos elongate

Nephtyscaecoides

5treblospio benedicti
Sebellidae

Hollusca

Gastropods

Nassarius mendicus (mud snail)

Pelecypoda

M_tilus edulis (bay mussel)

_tiluscslifornienus (California mussel)
Ostres lurida (native oyster)

Portothaca etsminea (littleneck clam or rock cockle)

Tapes semidecuasata (3apanese littleneck clam)

Mye arenaria (soft-shelled clam)
Macoma nasuta (bent-nosed clam)
Hacoma balthica

Crustacea

Cirripedia

Balanus _landula (white acorn barnacle)
Amphipoda

Unidentified species

Oecopoda

Hemi_rapsu8 ore_onenais (mud crab)
Rithropanopeus ha_risi

Btyozoa
UnidentiFied colonies

Source: Environmental AssessmentEngineering, 3une 1974, Preliminary
Submission Candidate £nvironmentallmoact Statemen_ rot

Ure_ • _ o_ U_s osai U elations at the Naval Air Station,
Alameda, CaLifornia.
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Table D-3

FISH OF THE NA5 ALAMEDA WATERS ;-

Common Name Scientific Name

Seven gill shark Notor?nchus maculatus

Spiny dogfish 5qualus acanth/as

Leopard shark Triakis semifascinta

Gray smoothhound Husielus cslzfornicus

Brown smoothhound Musiclusheplei

Bat ray _tu._s californicus

Big skate Rajabinoculaia

Pacific herring Clu__

American shad Alos_asapidissima

Northern anchovy EnzJraulismordax

King salmon Oncorhynchus tshsw_tscha

Surf smelt H_pomcsus pretiosus

White perch Phanerodon furcetus

Pile perch Oamalichth_s vacca

Rubber 11p perch Rhacochilue toxotes

Shiner surfperch C_msioqaster aqqre_sta

Black perch Embiotoca jsoksoni

Pacific tomcod Microqadus proximus
Top smelt Atherinops affinis

3ack smelt Atherinopsis californiensis

Striped bass Morone (Roccus) saxatilis

_1_ltecroaker Gen_onemus lineatus

Staghorn sculpin Leptocottus armatus

Bay goby Lepidoqobius_

Yellowfin (Oriental) goby Acantho_obius flavimanus

Long-jawed mudsucker Gillichth_s mirabilis

Rockfishes Sebestes sp.

Northern midshipman Porichth_s notatus

Pacific sanddsb Citharichth_s sordidus

Speckled sanddab Citharzchth_s stiqmseus

Starry flounder Plat/chth_s stellatus

English sole Parophrvs vetulus

Diamond turbot H_paopsetta _uttulata

i

5ource: Environmental Assessment Engineering, 3une 1974, Preliminar_
Submission Candidate Environmental Imoact Statement rot

Dredge 5pail Disposal Operations at the Naval Air Station! wq_
Alamedat Caiifornla.
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Table O-4

ENDANGERED, RARE, AND THREATENED
ANIMAL5 OF CALIFORNIA'

Code
Species Common Name Scientific Name Designation

Gastropod s

rr£nity Bristle Snail Honadenia setosa SR

Crustaceans

California Freshwater Shrimp Syncaria pacifica SE

Shasta Crayfish Pacifastacus fotti.____s SR
,4

Insects

Mission Blue Butterfly Ic_bcie 2 ica=boides missLonensis FE

Lot is Blue Butterfly Lycaeidee arqyro_omon loti_ FE

Palos Verdes Blue Butterfly Gleucopsyche 1y_dm,JS palosverdesensis FE

£1 Segundo Blue Butterfly Euphilotes (=ShiJJJaiaeoides) battoides
rE

Smith's Blue Butterfly Euphilotes (=Shi_miasoides) enoDtes
sm_tn_ FE

San Bruno Elfin Butterfly Callophtye mossi___£beyensis FE ..

Lange's MeteLmsrk ButterfLy Apodemia mormo lan_ FE

Kern Primrose Sphinx Moth Euproeerpinus euterpe FT

Delta Green Ground Beetle Elsphrus vi_idis FT

Valley Elderberry Longhorn Beetle Dem_cerus califotn£cus dimorphus FT

Fishes

Little Kern Golden Trout Salmo a_uabonita white._i FT

Lshontan Cutthroat Trout Saimo cl_kli henshawi fl

Paiute Cutthroat Trout S_imo clat'kii selenLris FT

Bull Trout SalvelLnus confluentus SE

Hohave Chub Gila mohavensis3 SE, fE

O_ne Tui Chub Gila bicolor _i SE

Bonytail Chub GL1..._ael_s SE, rE

Colorado Squ_fLsh 4 Pt_chocheLtus lucius SE, FE

1 Effective September 15, 1980
2 Sameas

Same as _'_olor mohavensis
fede r al :_1o ra-'_-d_'_iv er 5quawr£sh
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Table D-4 (Cont.)

Code
_ciee O_mmon Name Scientific Name Designation

Fi_es (Cont.)

Lost River Sucker Catostomue luxatus SE

Nodoc Sucker .Catoetomue _ SE

Shortnose Sucker Chmnistes brevJJoetris SE

Humpback Sucker Xyracchen texanue SE

Desert Pupf_sh Cypr_noden maculatius SF

Cottonbttl Harsh Pupfish Cyprinodon m_tleri SR

Tecopa Pupfish Cypr_nodon nevsdensis celidae SE, FE5

Owens PupfLsh 6 C_pr_nodon radioeus SE, FE

Unsrmored Threespine Stickleback Gastetoeteus acuteetus wL11iameoni SE, FE

Rough Sculp£n Cottue uperr£mus SR

Amph_b£ans

Santa Cruz Long-toed Salamander Ambystoms macrodactylum croceum SE, FE

Siskiyou Hnunte_ Salamander Plethodon etormi SR

Desert Slender Salamander Batrachoeepe aridus Sg, FE

Kern Canyon Slender Salamander Betrachoseps s_stus SR

Tehachapi Slender Salamander Betrachoseps etebbine£ SR

Limestone Salamander H_dro_antee brunus SR

Shasta Salamander Hydromantss shsstae SR

Black Toed Bufo exeul SR

Rept£1ee

Magic Gecko Anarbylue sw£tak£ SR -

Coehella Ftin_d-loed LLz=rd Urea anornata SE

Blunt-nosed Leopmrd LLz_urd Crotaph_tus ,£zl£ze_£i sLlus 7 SE, FE

Island Night Lizard Klaubet£ns £iversiane FT

Southern Rubber Boa ChlurLne bottae umbretica SR

Alameda Str£ped Racer Mast£cophie lstet81£s eut_xanth, ue SR

San Francisco Garter Snake Thamnophie e£tta!ie tetrataenia 5E, F[

G£ant Garter Snake Thmnoph£s couchi q£qes SR

5 Probably extinct
6 Federal: Owens River Pupr_sh

7 Federal: Crotaph_tue s£1u...__s.Also, sc£entif_c name widely accepted as Gambelia s_lus.



TableO-/4(Cont.)

Code
Species Common Name Scientific Name Designation

Bi_ds

CaliFornia Brown Pelican Pelecanus occidentalis californicus SE, FE

Aleutian Canada Goose Branta canadensis leucopareia FE

California Condor Gy_oqy_e californianus SE, FE

Bald Eagle Haliasetus leucocephalus SE, FE

American Pere_ine Falcon Falco pere_rinus onatum 5E, FE

California Clapper Rail Rallus lon_Ltostris obsoletua SE, FE

Light-footed Clapper Rail Rallue lon_irostris levipes SE, RE

Yuma Clapper Rail Rallus lon_irostris yummensis SR, FE

California Black Rail Laterallus Jmaicensis coturniculus SR

California Least Tern Sterna albifrons browni SE, FE

California Yellow-billed Cuckoo Coccyzue americanue occidentalis SR

Elf Owl Hicrathene witneyi SE

Great Gray Owl Sttix nebulosa SE

San Clemente Loggerhead Shrike Laniue ludovicianus mestnei FE

Least Bell's Vireo Vireo bellii pusillus 'SE

Inyo Brown Towhee _ fuscus eremophLtus SE

Balding Savannah Sparrow Passerculus sandwichensis beldin_i SE

Sen Clemente Sage Sparrow Amphispiza belli clementeas FT

Santa Barbara Song Sparrow Melospiza melodia _raminea FE8

M_mals

San 3oaquin Antelope Squirrel Ammospetmophilus nelsoni SR

Hohave Ground Squirrel Citellus 9 mohaveneis SR

Morrow Bay K_ngeu_oo Rat Oipodom_s heermennt morroensis SE, FE

Giant Kangaroo Rat Oipodomys _qene SE

Stephens Kangaroo Rat Dipodomys stephenei SR

Fresno Kangaroo Rat Dipodo_s nitratoides exilis SE

Salt _rsh Harvest House Reithrodontomys raviventris SE, FE

Amargoea Vole Mic_otus californicus scitpensis SE
m

B State: Considered to be extinct
9 Same as spetmophilus
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Table 0-4 (Cont.)

Code
Species CommonName Scientific Name Designation

Mammals (Cont.)

Sperm Whale Ph_seter cstodon FE

Gray Whale Eachrichtius robustus FE

Finback Whale 10 Bslaenoptera physalus FE

Sei Whale 8alaenoptera borestis rE

Blue Whale Bslaenopters a,Jaculue FE

Humpback Whale 11 He, aptera novNm_lise F£

Right Whale Bslaena _lacialis FE

Sierra Nevada Red Fox Vulpes vu._pes necator SR

San 3oequin Kit Fox Vulpes macrotis mutica SR, FE

Island Fox Utocyon littoralis SR

Wolverine Culo 9ulo SR

Southern Sea Otter Enhydra lutris nereis FT

Guadalupe Fur Seal Arctocephslus to_neendi SR

California Bighorn Sheep Ovis canadensis californians SR

Peninsular Bighorn Sheep Ovis canadensis cremnobatee SR

10 Also called Fin Whale
11 Also called Humpbacked Whale

Code designations:

SE = State-listed endangered species
SR = State-listed tare species
FE = Federally listed endangered species
FT = Federally listed threatened species

Note: Commonand scientific names are sho_n as designated on the state or federal lists.
If the nomenclature differs for a species that is included on both lists, the
nomenclature used on the state list is shown here with the federal nomenclature in

s footnote. Other synonyms are footnoted.
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Table D-5

ENDANGERED,RARE, AND THREATENEDTERRESTRIALPLANTS
OF THE PACIFIC COAST

Code Designation

Hodder family
I stand bedstrsw SR

Carrot family
San Diego coyote thistle SE
Hsson'a lilaeopsis SE
Adobe sanic le SE

Aster Family
Point Tayes blennosperms SR
Fountain thistle SE
Otay t_d SE
Santa Susans tarweed SR
Santa Cruz tsrweed SE

Barberry Family
Island barberry SE

8ora_ family
San Francisco allocarya SE

Huat ard Family
Contra Costa wallflower FE, SE
Santa Cruz wallflower SR

Stonectop family
Santa Honica Hountains dudleya SR
Santa Cruz Island dudleya SR
Laguna Beach dudleya SR
Santa Ba£bara Island dudleya FE

Cypress family
Santa Ctuze cypress SE

Fi_rt family
San Clemente Island paintbrush FE
Salt marsh bird's beak FE, SE
Soft bird's beak SR
Pennell'a bird's beak SR
Honterey Dune monkey flower SE
Oudley'a louse_rt SR

Heath family
Baker' a manzanita SR
Hearst' s mmlzanita • SE
San Bruno Nountain manzanita SE
Pocific manzanita SE
Al_da manzanita SE
Hanging gardens manzanita SE
Presidio m_zanit a FE

Pea family
Truk' s milk-vetch SR
Trask's island lotus FE
Santa Barbara false-lupine SE
Pacific Grove clover SR

_" Monterey clover SE
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Table D-5 (Cont.)

Code Oesignation

Waterleaf family
Indian Knob Hountain balm SE
Lompoc yerba santa 5R

Mint family
San Mateo thornmint SE
San Diego County monardella SE
San Diego mess mint FE, sg

Lily family r
Dwarf:golden star SR
Tiburon .mariposa SE
Roderick's fritillary SE

False mermaid family
Cunningham marsh meadow foam SE

Hallow family
San Clemente Island bush-mallow FE
Santa Cruz Island bush-mallow SE

Evening-primrose family
Presidio clarkia SE

• Piamo clarkia SR
Antioch'Dumes evening-primrose rE, SE

Grass family
Marin bent-grasa SR
Leafy'reed-grass SR
California orcuttia SE
_Hoover's semaphore g£ses SR

Buckwheat family
Orcutt's chorizanthe SE
Buttsrworth's buckwheat SR
Conejo buckwheat SR
Santa Barbara Island buckwheat SR
San Nicolas Island buckwheat SE

_owfoot family
Baker's larkspur SR
San Clemente Island larkspur FE, 5R
Yellow larkspur SR

Buckthorn" family
Hearst's ceanothus SE
Maritime ceanothua SR
Mason's ceanothus SR

Rose family
Hickman cinquefoil SR

Source: United States Fish and Wildlife Service, 1981,
Pacific Coast Ecological Inventory.
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